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PREFACE 


Technology  has  brought  us  to  the  point  where  electronics  are 
becoming  pervasive  on  all  new  aircraft.  Because  these  electronics  are 
both  expensive  and  critical  to  mission  success,  it  is  necessary  to  look 
at  the  integrity  of  these  electronics  if  aircraft  are  to  be  ready  to  fly 
and  fight.  Hence,  the  theme  of  the  19S4  National  Aerospace  and 
Electronics  Convention  (NAECON)  was  "Operational  Readiness  Through 
Electronic  Integrity".  Integrity  is  an  evolution  from  3uch  presently 
used  measures  as  reliability  and  maintainability  to  the  newer  concepts 
of  durability  (lifetime),  supportability,  availability,  quality  and 
producibility.  In  the  Air  Force,  all  of  these  are  important  to  the 
operational  readiness  of  our  aircraft  and  to  the  reduction  of  the  cost 
of  operating  and  maintaining  our  aircraft. 

Also,  the  use  of  avionics  is  expanding  into  flight  critical  systems 
onboard  our  aircraft.  Therefore,  it  is  necessary  to  improve  avionics 
integrity  for  flight  safety  as  well  as  mission  accomplishment. 

In  support  of  the  NAECON  theme,  ASD  engineering  supported  a  number 
of  events  at  NAECON.  A  tutorial  about  the  Avionics  Integrity  Program 
was  presented  on  Monday,  May  21.  Notes  from  the  tutorial  were  published 
as  a  separate  document  with  NAECON  sponsorship  and  are  duplicated  at  the 
end  of  this  report. 

A  second  event  concerning  avionics  integrity  was  the  Tuesday 
luncheon  speech  presented  by  Lt  Gen  Thomas  H.  McMullen.  EN  Product 
Assurance  personnel  assisted  in  the  preparation  of  this  speech.  A 
transcript  of  the  speech  is  included  in  this  report. 

Third,  the  five  technical  sessions  listed  below  were  organized 
around  the  theme  of  integrity. 


A.  Manufacturing  Quality  and  Maintainability 

B.  Reliability 

C.  Life  Cycle  Cost 

D.  Avionics  Environment 

E.  Electromagnetic  Compatibility 

The  papers  for  these  technical  sessions  are  published  in  the  NAECON  1984 
proceedings.  It  should  be  noted  here  that  the  Best  Paper  Award  went  to 
one  of  the  papers  of  the  Reliability  technical  session.  Mr.  Edward 
Banas  and  Mr.  Charles  Chappell  of  Sperry  Corporation  co-authored  this 
best  paper  entitled  "Integrating  Chip  Carrier  Packaging  Technology  into 
Systems. " 

Finally,  the  ASD  Integrity  Thrusts  management  session  was  organized 
and  presented  by  the  EH  Product  Assurance  Office.  This  session  explored 
the  following  three  topics  of  the  management  of  reliable/supportable 
avionic  systems. 

a.  Fatigue  failure  modes  of  avionics 

b.  Electronic  piece  part  quality  and  environmental  stt'ess 
screening 

c.  The  Avionics  Integrity  Program 

The  notes  and  viewgraphs  from  this  management  sessions  are  contained  in 


this  report. 
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Lt  Gen  McMullen's  Tuesday  Lunobeon  Speech 

As  an  overview  to  the  ASD  Integrity  Thrusts  management  session 
notes,  the  following  transcript  of  a  speech  presented  by  Lt  Gen  Thomas 
H.  McMullen  on  22  May  1984  has  been  included  in  this  report.  This 
speech  was  presented  by  Gen  McMullen  at  Tuesday's  Luncheon  at  NAECON 


Remarks  to:  NAECON  84*  Dayton,  Ohio,  22  May  1984 
Speaker:  Lt  Gen  T.  H.  McMullen 

It's  a  real  pleasure  for  me  to  be  invited  back  to  this  luncheon  and  to  be 
given  the  opportunity  to  discuss  developments  in  electronics.  The  theme  of 
this  years  NAECON,  Operational  Readiness  Through  Electronic  Integrity,  is  not 
only  timely  but  it  is  emerging  as  perhaps  the  key  developmental  eonoern  as  our 
Air  Force  moves  toward  the  Tear  2000.  Right  off  the  top  I  want  to  straighten 
out  a  misconception.  It  has  been  said  by  some  that  ASD  has  always  tried  to 
adhere  to  the  sumo  wrestler  school  of  management  with  regard  to  electronic 
programs.  They  say  our  motto  is  "Throw  your  weight  around  but  keep  your  rear 
end  covered."  Vblle  I  can't  pin  it  down  exactly,  I  have  reason  to  believe 
this  characterization  of  ASD  was  started  by  an  IEEE  member.  Well,  in  any  case 
it's  wrong.  It's  not  ASD  you're  thinking  of — it's  AFLC. 

During  lunch  I  was  reflecting  a  bit  on  the  Chaplin's  words  —  thinking 
about  you  folks  and  the  vital  nature  of  your  work.  Those  thoughts  conjured  up 
the  story  of  a  retired,  former  IEEE  member  who  was  reclining  under  a  tree.  A 
passerby  (I  believe  he  was  a  particularly  observant  engineer)  shouted,  "Tour 
house  is  on  fire."  "I  know  lt,"  the  old  timer  said.  The  engineer  said,  "Why 
don't  you  do  something  about  lt?"  The  ex- IEEE  member  said,  "Doing  something 
now  —  I've  been  prayin  for  rain  since  the  fire  started.”  Now,  I  have  no 
doubt  prayer  helps,  but  you  folks  know  better  than  anyone  else  that  direct, 
innovative  and  sustained  action  goes  a  long  way  to  help  those  prayers  get 
answered. 

I  believe  all  of  us  in  the  business  of  electronics  count  as  Ogden  Nash's 
loudest  critics  when  he  said,  "Progress  might  have  been  alright  once,  but  it's 
gone  on  too  long."  While  there  are  new  and  exciting  things  happening 
throughout  the  spectrum  of  "high  tech"  development,  no  single  area  is  moving 
forward  at  the  tremendous  rate  that  we  see  in  electronics.  Charles  Kettering 


once  said,  "The  Wright  brothers  flew  right  through  the  smokescreen  of 
impossibility. "  Today,  ay.  organization,  like  the  ones  you  represent,  is 
finding  the  way  through  that  same  smokescreen.  I  guess  that's  why  Z  feel  so 
comfortable  with  this  group.  We  share  a  common  bond.  For  taking  the  first 
tentative  steps  through  any  new  frontier  has  always  required  courage, 
foresight,  and  ingenuity  —  characteristics  represented  in  spades  by  the 
people  in  this  room.  Other  institutions  are  also  going  through  tremendous 
changes.  In  this  respect  we  share  a  common  bond  of  experience  with  several 
commercial  institutions  such  as  Dayton's  NCR  Corporation.  As  many  of  you  are 
no  doubt  aware,  the  likes  of  the  cash  register,  business  machine,  and  key 
pieces  of  office  equipment  have  completed  a  transition  from  mechanical  to 
electronic  systems  within  the  past  decade.  It  seems  only  fitting  that  we  are 
meeting  here  in  Dayton  as  NCR  is  celebrating  its  100th  anniversary. 

While  there  are  a  lot  of  things  I'd  like  to  talk  about,  I  have  tried  to 
keep  my  remarks  to  a  reasonable  length  as  I'm  sure  you're  all  anxious  to  get 
on  with  the  day's  business. 

Our  preoccupation  with  time  reminds  me  of  a  story  that  came  out  of  Poland 
during  the  1982  riots  —  and  perhaps  typifies  some  of  the  logic  in  a  police 
state  under  martial  law.  Of  course,  you  recall  that  the  government  set  a 
strict  curfew  holding  that  all  citizens  would  be  off  the  streets  and  in  their 
homes  by  6  p.m.  or  risk  being  shot.  It  seems  it  was  10  minutes  to  6:00  when  a 
policeman  went  up  to  a  fellow  waiting  at  a  bus  stop  —  looked  him  over  — 
pulled  out  his  revolver  and  shot  him.  Killed  him  with  one  shot.  Immediately 
a  crowd  of  people  circled  the  policeman  asking  why  he  had  killed  the  man.  The 
policeman  said,  "Hey,  I  know  where  this  guy  lives  —  there  is  no  way  he  could 
get  home  by  6  p.m.”  If  I  do  make  you  run  a  bit  over,  I  hope  the  penalties 
aren't  as  severe  at  an  IEEE  luncheon. 

Olysses  S.  Grant  told  us,  "The  art  of  war  is  simple  enough.  Find  out 


where  your  enemy  is.  Get  at  him  as  soon  as  you  can.  Strike  him  as  hard  as 
you  can  and  as  often  as  you  can,  and  keep  moving  on."  I  like  his  style  —  and 
I  must  admit  that  not  much  has  changed  in  war  fighting  philosophy.  What  has 
changed  are  the  tools  at  our  disposal  to  do  the  fighting. 

And  clearly,  none  of  them  have  changed  over  the  last  70  years  as  much  as 
fighter  aircraft  and  the  avionics  systems  that  make  them  so  effective.  It 
began  with  men  hurling  insults  and  bricks  at  one  another  from  open  cockpits, 
and  moved  to  ever  faster  turning,  close-in  dog  fights.  But  today,  if  we  do 
our  work  right,  two  fighter  pilots  may  take  each  other  on  without  ever 
visually  seeing  one  another  before  they  fire  their  weapons. 

The  use  of  electronics  on-board  aircraft  —  avionics  —  is  nearly  as  old 
as  powered  flight  and  certainly  its  changes  have  played  a  key  role  in  the 
development  of  flight.  One  of  the  first  radio  telegraph  messages  was  sent 
from  a  signal  corps  aircraft  to  the  ground  in  November  1912.  The  aircraft, 
one  of  the  twelve  in  our  signal  corps,  was  piloted  by  a  young  Lieutenant  named 
"Hap"  Arnold.  Just  a  few  years  later,  in  August  of  1917,  the  first  two-way 
radio  telephone  contact  from  the  air  was  made  by  the  Army.  As  in  most  things 
aeronautical,  ''ur  "bicycle  shop"  at  Wright  Field  has  been  instrumental  in 
achieving  a  number  of  avionics  firsts  through  the  years.  The  first  solo 
flight  on  instruments  was  made  here  in  1932  and  the  first  completely  automatic 
landing  in  history  was  completed  here  in  1937. 

War  brought  a  need  for  rapid,  innovative  solutions  to  numerous 
avionics  related  problems  and  necessarily  spurred  many  avionics  developments. 
The  British  demonstrated  an  experimental  aircraft  interception  radar  in  June 
of  1939  —  and  by  the  end  of  September  of  that  same  year,  30  systems  had  been 
Installed  in  British  aircraft.  Avionics  had  grown  to  a  point  where  systems 
helped  provide  the  margin  of  victory  during  the  Battle  of  Britain.  Even  then, 
however,  the  safety  and  survivability  of  the  aircraft  in  the  early  years  of 


aviation  did  not  depend  upon  the  Integrity  of  the  avionics  as  they  do  today. 

In  those  early  years,  the  avionics  constituted  only  a  small  fraction  of 
the  gross  empty  weight  of  the  aircraft.  The  avionics  package  on  the  P-38  and 
P-51  weighed  less  than  two  percent  of  the  total  aircraft’s  empty  weight.  The 
avionics  on  the  F-86  I  flew  in  Korea  was  still  less  than  two  percent  of  the 
total.  But  as  our  expectations  for  our  aircraft  grew  so  did  weight.  The  F- 
106 A  avionics  topped  ten  percent  with  its  reliance  on  vacuum  tubes  in  the  late 
1950s.  In  the  1960s  and  1970s,  we  were  able  to  reverse  the  weight  growth  of 
avionics.  The  introduction  of  solid  state  electronics  in  the  F-111A,  F-16A, 
and  the  F-18  enabled  us  to  approach  6  percent  of  the  aircrafts  empty  weight 
with  dramatic  increases  in  performance  and  reliability.  For  a  typical 
subsystem,  performance  capability  has  increased  concurrently  with  a  major 
decrease  in  weight.  For  example,  an  early  OHF  command  radio,  the  ARC-31*  built 
in  1954  weighed  50  lbs  versus  9  lbs  for  the  ARC-164  introduced  in  1975.  This 
weight  reduction  was  achieved  even  though  the  number  of  operating  channels  was 
doubled  and  the  flying  hours  between  needed  repairs  increased  ten- fold. 

Today's  avionics  frontiers  are  characterized  by  both  technology  and 
complexity.  As  technological  advances  enable  us  to  reduce  the  size  and  weight 
of  an  avionics  subsystem  we  continue  to  add  more  functions  to  our  list  of 
requirements  for  our  systems  thus  adding  to  the  overall  complexity  of  the 
challenge.  This  relationship  between  technology  and  complexity  can  be 
illustrated  in  a  quick  review  of  airborne  radars.  The  MG- 13  radar  on  the  F- 
101B  used  about  7000  parts,  421  of  which  were  vacuum  tubes.  This  radar 
averaged  about  4.0  flying  hours  between  failures.  The  APQ-12G  radar  on  the  F- 
4E  used  nearly  14,000  parts  and  only  24  of  these  were  vacuum  tubes.  This 
radar,  an  example  of  discrete  transistor  technology,  averaged  7.0  flying  hours 
between  failures.  Today  our  F-15£  and  £  APG-63  radar  represents  the 
microcircuit  technology  of  the  seventies.  It  is  made  up  of  about  19,000 
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parts,  averages  23  flight  hours  between  failures  and  was  a  pioneering 
application  of  multilayer  printed  wiring  boards.  It  represents  a  giant  step 
in  performance  as  well  as  reliability.  It's  true,  we've  had  to  make  some  hard 
tradeoffs  and  will  doubtless  face  the  same  choices  in  the  future,  but  the 
payoff  in  reliability  and  effectiveness  makes  it  all  worthwhile.  In  the  case 
of  the  APQ-120  it's  meant  a  five- fold  increase  in  life  despite  a  three- fold 
increase  in  complexity. 

Some  express  concern  that  the  complexity  of  technology  will  overwhelm  our 
ability  to  use  it.  To  me,  it's  just  the  opposite.  If  we  do  it  right,  I 
believe  it  is  becoming  apparent  that  an  important  characteristic  of  technology 
will  have  to  be  its  simplicity  —  simple  to  fly;  simple  to  fight;  simple  to 
maintain.  That  is  just  the  combination  we  are  seeking.  By  way  of  example, 
nowhere  will  this  characteristic  of  simplicity  be  more  important  than  in  the 
fighter  cockpit  of  the  future.  As  the  sophistication  of  our  fighters  has 
grown,  we  have  created  some  marvelous  systems  to  "help"  the  pilot.  But 
there's  a  lot  more  to  do,  because  he's  doing  about  as  much  as  he  can  right 
now. 

You  know,  WWI  aircraft  had  10  to  15  controls  and  instruments.  During 
WWII,  the  P-51  cockpit  had  about  35.  Today,  the  F-15  has  over  300  dials, 
bells,  buzzers,  lights,  and  switches  in  the  cockpit.  Pilots  are  at  the 
saturation  point.  In  our  rush  to  help,  we  have  built  in  lots  of  *»* formation 
to  manage  during  the  "breath  holding"  few  seconds  of  combat,  but  we  need  to  do 
a  lot  more  to  help  tomorrow's  pilot  determine  his  targets  (the  good  news)  and 
his  threats  (the  bad)  without  pushing  a  lot  of  distractions  at  him.  As  many 
of  you  know  we  are  trying  to  do  something  about  this  problem  right  now. 

Through  a  number  of  laboratory  programs  at  ASD,  we  are  blending  an  array  of 
technologies,  trying  to  integrated  them  into  a  total  system.  Integration  of 
all  on-board  systems  is  a  must  if  we're  to  improve  the  pilot's  ability  to 


manage  bis  systems  in  concert. 

Innovation  in  avionics  will  be  critical  if  we  are  to  continue  moving 
forward  ~ -  staying  ahead  of  that  ominous  "power  curve"  our  adversaries  would 
like  desperately  to  put  us  behind.  Innovation  in  avionics  has  already 
dramatically  changed  the  effect  of  air  power  in  warfare  and  nothing  in  my 
crystal  ball  tells  me  anything  is  going  to  change  for  the  future.  Improved 
navigation  capability  allows  us  to  fly  to  the  engagement  site  with  minimum 
error.  Our  radar  warning  receivers  and  electronic  countermeasures  systems 
have  allowed  us  to  penetrate  to  target  areas  protected  by  Increasingly 
sophisticated  electronic  defenses.  Improvements  in  radar  have  extended  our 
vision  to  let  us  acquire  and  track  targets  at  even  greater  standoff  ranges. 

And  our  weapon  delivery  systems  allow  us  to  effectively  put  ordance  on  the 
target  at  night  and  under  the  weather. 

Today  we  are  in  the  midst  of  a  major  revolution  in  our  aircraft  —  a 
transition  from  the  mechanical  to  an  electromechanical  system.  He  will  have 
completed  that  transition  when  we  field  our  next  fighter,  the  Advanced 
Tactical  Fighter  or  ATF,  in  the  mid-1990s. 

The  ATF  in  cleaily  goer’  rews  for  our  Air  Force.  The  bad  news  is  that  ATF 
is  already  about  four  years  farther  behind  the  F-15  than  the  F-15  was  behind 
the  F-4  in  development.  He  have  a  lot  of  catching  up  to  do. 

The  ATF  will  have  capabilities  that  will  pulse  the  full  range  of  avionics 
systems.  He  look  for  this  airplane  to  not  only  achieve  supersonic  speed,  but 
to  be  able  to  stay  there  long  enough  to  cover  some  ground.  It'll  have  a  range 
50  to  100  percent  greater  than  the  F-15  Eagle's;  ability  for  short  take-off 
and  landing,  to  get  in  and  out  of  damaged  airfields;  obviously,  the  ability  to 
engage  multiple  enemy  fighters  at  once,  beyond  visual  range;  and  it  will  have 
to  survive  while  doing  all  that  In  an  environment  filled  with  people,  in  the 
air  and  on  the  ground,  who  want  to  kill  him.  And  we  want  it  to  be  operated  by 


a  single  pilot.  If  it  all  sounds  like  it  will  be  enormously  difficult,  I'm 
making  my  point. 

As  concerns  the  Air  Force  of  today  and  tomorrow,  this  electronics 
revolution  I've  been  discussing  will  take  final  form  as  improved  technology 
which  created  new  options  for  Improved  capabilities  to  guarantee  our 
persistence  of  the  battlefield.  That  is  the  ability  to  fight  around  the 
clock,  in  all  weather.  It  will  be  a  key  test  for  the  organizations  you  folks 
represent  —  both  on  the  corporate  side  and  military  side.  Our  ability  to 
fight  will  involve  more  than  "how  high,  how  fast,  and  how  far.”  It  must  also 
address  "how  often."  How  often  are  America's  fighting  machines  ready  to  fight 
rather  than  out  for  maintenance  or  lack  of  parts.  It  is  one  question  where  a 
poor  answer  could  well  be  our  loss.  Let  me  illustrate.  Let's  consider  a 
typical  fighter  aircraft.  Current  avionics  equipment  consists  of  Line 
Replaceable  Units,  or  LRUs.  A  typical  LRU  has  about  100  hours  Mean  Time 
Between  Failures.  This  typical  LRU  has  a  98  percent  chance  of  lasting  through 
a  2-2  1/2  hour  mission. 

But  say  there  are  25  LRUs  per  aircraft.  That  means  46  percent  of  the 
aircraft  land  with  a  system  failure.  Each  failed  box  could  (and  often  does) 
result  in  several  box  removals  for  bench  testing.  The  LRUs  are  tested  in  the 
avionics  intermediate  shop  to  determine  which  unit  to  change.  The  technician 
finds  the  problem,  removes  and  replaces  the  suspect  unit,  sends  it  back  to  the 
depot  for  repair,  retests  the  LRU,  and  puts  it  back  on  the  shelf  as  a  spare. 

While  there  is  no  doubt  the  avionics  intermediate  shop  has  permitted  us 
to  operate  with  modest  reliability  to  this  point,  it  represents  a  significant 
burden  that  we  literally  have  to  carry  around  on  our  back.  It  la  biy  —  it 
takes  over  four  C-141B's  to  deploy  a  wing's  worth  of  the  F-16  intermediate 
shop  —  our  smallest  system.  It  is  complex.  It  is  expensive.  It  is 
manpower  intensive.  And  —  it  is  vulnerable.  I'll  tell  you  right  now,  if  the 
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avionics  intermediate  shop  is  knocked  out,  we  can  plan  on  losing  capability 
faster  to  avionics  failures  than  to  combat  losses.  Eighty-four  percent  of  the 
aircraft  I  used  in  my  earlier  examples  will  land  with  a  failed  box  by  the  end 
of  a  day  under  the  demands  of  wartime  use.  I  must  therefore  conclude  that  a 
100  hour  Mean  Time  Between  Failure  of  an  LRU  is  just  not  good  enough. 

The  consequences  of  poor  reliability  are  three- fold.  First;  it  burdens 
the  field  commander  with  the  vulnerability  and  difficulty  of  carrying  the 
avionics  shop  around  with  him.  Second ;  it  takes  a  huge  uhunk  of  the  budget 
to  keep  us  in  spare  parts.  In  fact,  the  budget  for  replenishment,  spares,  and 
modifications  to  patch  old  electronics  exceeds  that  of  developing  new 
electronics.  Third;  Demands  for  manpower  to  purchase,  stock,  transport, 
Install,  and  in  some  cases  repair  spare  parts  are  substantial.  And  for  each 
mechanic  with  hands  on  our  weapon  systems,  there  are  many  others  required  for 
support  and  training. 

We  are  making  a  hard  charge  at  lessening  the  dependence  we  have  on  the 
avionics  intermediate  shop  by  incrementally  improving  reliability  and  using 
built-in  test  capability  inside  of  the  avionics  equipment.  As  the  diagnostic 
capability  of  this  built-in  test  equipment  approaches  that  of  the  in  house 
avionics  shop,  we  can  begin  to  position  our  systems  without  all  the  extra 
baggage.  We  are  making  progress  —  right  now  for  example,  50  percent  of  F-16 
repairable  avionics  items  do  rot  require  the  use  of  the  avionics  shop. 

Improvements  in  avionics  have  been  steady  to  this  point.  However,  we  are 
at  the  beginning  of  a  new  chapter  in  development  of  our  Air  Force.  A  chapter 
whose  outline  tells  us  improvements  may  slow  drastically,  perhaps  not  occur  at 
all  if  it  requires  cost  in  dollars,  time,  or  combat  effectiveness. 

To  help  ensure  that  we  do  continue  to  see  improvements,  ASD  is 
restructuring  its  avionics  development  and  reliability  program.  We  call  it 
the  Avionics  Integrity  Program.  It  incorporates  the  technical  and 


10 


programmatic  elements  of  the  highly  successful  Air  Force  Structural  and  Engine 
Integrity  Progress  combined  with  the  traditional  electronics  parts  data  base. 
This  reorientation  of  our  avionics  development  approach  reflects  the 
recognition  that  electronic  systems  function  until  a  mechanical  or  chemical 
failure  causes  an  electrical  failure.  The  Avionics  Integrity  Program  will  be 
discussed  on  Wednesday  afternoon  by  Dr.  Halpin,  my  director  of  product 
assurance,  and  Hr.  Ludwig,  ASD's  technical  director  for  Avionics  Engineering. 
Technology  growth  through  the  VHSIC  or  Very  High  Speed  Integrated  Circuit,  is 
a  major  element  of  our  Avionics  Integrity  Program.  VHSIC  offers  the  potential 
for  significant  performance  improvements  through  increased  computational 
speed.  Increased  computational  speed  is  achieved  through  reducing  inter- 
component  distances  —  this  means  significantly  reduced  feature  sizes  on  the 
chips  themselves.  I'm  convinced  that  VHSIC  is  critical  to  successful 
implementation  of  all  our  future  flying  systems.  There  is  a  potential  to 
markedly  Improve  hardware  reliability  if  some  of  the  resulting  reduced  volume 
is  reinvested  to  reduce  the  operating  stresses  on  the  electronic  equipment,  as 
always,  an  opportunity  for  tough  trades  and  difficult  decisions.  Ve  believe 
that  solid  engineering,  Jr  both  design  and  manufacturing,  combined  with 
continued  technology  growth,  can  produce  systems  of  significantly  Improved 
reliability  —  without  significant  penalties  in  cost,  schedule,  or  combat 
performance.  Our  discussions  with  industry  about  VHSIC  support  the  contention 
that  significant  improvements  are  available  at  modest  cost.  We  recognize 
several  things  are  necessary  to  make  it  happen.  First:  insistence  on 
reliability  by  our  program  offices  combined  with  the  Avionics  Integrity 
Program.  Second:  competition  based  or  reliability.  Third:  some 
reorientation  of  contract  policy  to  encourage  expenditures  to  upgrade 
equipment  and  procedures.  These  initiatives  involve  the  industrial 
modernization,  QET,  PRICE,  and  Value  Engineering  programs.  And  fourth: 


retraining  of  many  design  and  manufacturing  engineers. 

There  is  an  opportunity  for  leadership  here.  That  opportunity  exists  on 
both  sides  of  the  table.  The  payoff  will  be  long  in  coming,  hence  it  is 
difficult  to  sustain  attention  to  action  over  the  long  haul.  But  both  are 
necessary  to  successfully  complete  the  electronics  transition  as  we  stove 
toward  the  future. 

Hell,  I  can  see  the  time  is  growing  short  so  rather  than  risk  finding  out 
the  penalty  IEEE  bestows  on  a  speaker  who  carries  on  too  long,  I'd  better  end 
my  remarks  here. 

Thank  you  again  for  this  opportunity  to  talk  to  you  and  I'll  keep  my 
fingers  crossed  for  the  opportunity  for  a  return  engagement  next  year. 

Thank  you  and  have  a  great  week. 


Dr.  John  Halpin,  ASD's  Assistant  for  Product  Assurance,  moderated  the  ASD 


Integrity  Thrusts  management  session.  An  outline  of  this  session  is  shown 
below.  Dr.  Halpin's  introductory  remarks  were  similar  to  the  opening  remarks 
of  his  presentation  at  the  AFSC  Horizon  South  conference  the  next  day.  In 
order  to  be  more  complete,  Dr.  Halpin's  entire  Horizon  South  presentation  is 
included  in  this  report. 
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#1.  Avionics  integrity  is  a  phrase  which  may  be  foreign  to  some  of  you.  We 
have  a  long  tradition,  however,  in  the  systems  area  with  what  we  call  our 
integrity  programs.  We  have  a  tradition  that  starts  before  World  War  II  when 
we  were  addressing  safety  and  performance  in  airframes  and  how  we  would  govern 
and  manage  those  in  the  acquisition  process.  This  grew  through  the  second 
world  war.  In  the  fifties,  we  were  forced  to  face  the  fact  that  airframes 
have  finite  lives,  dictated  by  something  other  than  combat  attrition.  This 
brought  in  the  concept  of  life  limited  by  fatigue  processes.  This  concept  was 
formally  incorporated  in  the  design,  development,  and  acquisition  process  in 
the  50 's  with  formal  requirements  for  fatigue  testing,  like  a  reliability 
qualification  test. 
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#2.  We  had  additional  p rob leas  In  tha  SO'a.  Wa  loat  several  airplanes  due  to  fractures  In  the  alng 
structure  and  tha  fuselage.  Me  reformulated  the  structural  Integrity  prograa  at  that  tlae.  adding 
foraal  fracture  control.  That  bacaaa  tha  heals  of  the  current  aircraft  structural  integrity 
prograa.  It's  also  the  technical  basis  for  the  certification  processes  for  aLl  civil  aircrsft  in 
this  country  and  In  Europe.  After  that  matured,  that  technology  base  eas  transitioned  into  anginas, 
starting  In  tha  aid-1970' s.  As  lata  as  tha  F-100  developaant  prograa.  ee  tended  to  specify  engines 

In  teras  of  operating  hours - no  specifications  In  taras  of  throttle  motions  or  thermal  cycles  of 

the  engine.  The  engine  Integrity  program  took  the  mechanical  fracture  process,  converted  It  Into  a 
thermal  fatigue  analysis  for  tha  engine  parts,  emphasized  a  fracture  control  process  in  the  engines 
and  applied  It  beginning  in  tha  lata  70's.  That  is  tha  baseline  to  which  wa  are  acquiring  tha  nan 
engines  in  our  system.  As  tha  technology  base  matures  snd  as  electronics  and  avionics  have  become 
critical  and  essential  to  aircraft  performance,  we  are  looking  at  formalizing  the  avionics 
development  activities  In  a  similar  format  as  na  have  dona  on  engines  and  in  tha  airframe.  We  feel 
that  a  natural  evolution  Is  taking  placa  In  Industry  maturing  disciplines  like  reliability  and 
maintainability  Into  a  more  deterministic  Integrity  approach  as  used  In  structures  end  engines.  Wa 
must  accept  the  fact  that  tha  avionlca  is  a  major  subsystem  which  is  critical  to  the  aircraft  itself 
and  needs  to  be  managed  with  tha  same  Intensity  end  commitment  that  we  manege  airframe  and  engines. 
It  Is  basically  a  systems  engineering  procesa.  Wa'ra  going  to  emphasize  attention  to  some  of  the 
physical  failure  modes  as  well  as  to  good  conservative  electrical  systems  design.  Our  discussion 
today,  then,  will  emphasize  this  area.  Wa  have  segregated  mechanical  design  snd  electrical  design 
from  software  quality  and  reliability  as  wa  believe  you  must  understand  the  physical  status  of  the 
system  and  tha  electrical  status  independent  of  tha  software,  snd  those  must  be  matured  separately 
and  than  put  together  in  a  system  analysis  activity. 
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#3.  We  have  continued  to  develop  avionics  systems  with  ever  increasing 
requirements  for  performance  and  reliability.  Often,  we  sacrifice  some 
equipment  ruggedness  or  maintainance  features  in  order  to  meet  the  demanding 
performance  requirements.  In  communications  systems  we  have  been  able  to 
achieve  sizable  improvements  on  several  fronts.  The  AN/ARC-34  introduced  in 
1954  weighed  50  pounds,  was  designed  with  vacuum  tubes,  and  was  crystal 
controlled.  The  AN/ARC-164,  by  contrast,  was  introduced  in  the  mid  1970's  and 
weighs  only  9  pounds.  It  i3  totally  solid  state  and  is  fully  frequency 
synthesized.  The  reliability  of  the  AN/ARC-164  represents  a  factor  of  10 
improvement  over  that  of  the  AN/ ARC-34.  In  radar  subsystems,  the  increasing 
performance  demands  keeps  the  designers  working  just  to  keep  up  and, 
consequently,  we  see  only  modest  Increases  in  system  reliability.  To 
illustrate  the  point,  the  MG-13  introduced  on  the  F— 101  contained  7000  parts, 
421  of  which  were  vacuum  tubes.  The  APQ-120  radar  on  the  F-4E  used  13,000 
parts.  Only  24  vacuum  tubes  were  used.  By  the  mid  1970 's  when  we  developed 
the  APG-63  radar  for  the  F-15  A/B,  the  performance  demands  had  quadrupled. 
The  APG-63  incorporated  19,000  parts  in  its  largely  solid  state  design.  We 
have  still  managed  some  modest  system  reliability  improvements  even  with  the 
very  demanding  performance  requirements  of  today. 
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GROWING  PAINS 
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#M.  The  next  chart  shows  that  while  we  have  had  a  very  positive  and  growing 
experience,  we've  been  suffering  growing  pains.  In  this  chart,  instead  of  a 
system,  we  have  an  assemblage  of  black  boxes  called  line  replaceable  units. 
The  problem  that  we  have  in  managing  the  system  is  that  the  units  which  have 
been  critical  to  performance  on  the  battlefield  are  typically  the  systems  at 
the  upperleft.  These  kinds  of  systems  have  very  low  reliability  at  relatively 
high  cost.  Today,  some  of  these  boxes  with  reliabilities  of  100  to  300  hours 
cost  over  a  million  dollars  an  LRU.  They're  driving  the  requirements  for  the 
AIS  (Avionics  Intermediate  Shop),  for  our  spares,  for  our  manpower.  It's 
handling  these  directly  that  is  motivating  our  management  to  put  firmer 
attention  into  the  LRU's  represented  by  the  enclosed  area.  Traditionally,  we 
have  developed  LRU's  with  a  set  of  technical  tools  which  represent  good 
conservative  electrical  engineering  practices  supplemented  with  piece  part 
analysis  based  upon  MIL-HDBK-217.  One  of  the  problems  we  have  had  is  the  life 
predictions.  The  reliability  predictions  have  been  piece  part  oriented  and  we 
have  had  poor  correlation  between  those  predictions  and  field  results.  As  a 
consequence,  we  have  had  a  lack  of  confidence  in  some  of  our  designs  and  that 
lack  of  confidence  has  frustrated  attempts  to  make  some  of  the  hard  decisions 
to  go  for  a  conservative  design.  It's  building  this  confidence  by  putting  in 
additional  tools  which  is  what  we  are  emphasizing  as  one  of  the  major 
technical  thrusts  in  our  evolution  of  the  Avionics  Integrity  Program. 
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FAILURE  PROCESS  CAUSES  AN  ELECTRICAL  MALFUNCTION 


FAILURE 
PROCESSES 


#5.  The  next  chart  represents  a  somewhat  extreme  position,  but  the  chart  is 
intended  to  make  a  point.  When  we  have  mature,  well-developed  electrical 
designs  we  still  have  failures,  in  the  factory  and  in  the  field.  When  we  have 
properly  addressed  electrical  design,  those  failures  tend  to  be  mechanical  and 
chemical  in  origin.  It  is  those  failures  with  which  we  are  having  difficulty 
in  addressing  today's  design  methodology.  They  occur  at  a  series  of  levels: 
parts,  the  interconnections  between  the  parts  and  the  boards,  failure  modes 
within  the  printed  wiring  boards,  in  the  cables  and  connectors,  and  multichip 
hybrid  packages  which  are  a  combination  of  all  these  problems  together.  We 
believe  that  most  of  these  areas  can  be  treated  in  a  formal  way  very  similar 
to  the  techniques  people  are  using  to  get  qualitative  guidelines  to  design 
mechanical  and  thermal  packaging  today.  We  feel  that  these  failure  processes 
can  be  grouped  in  these  classifications.  Criteria  such  as  the  derating 
temperatures,  expansion  strains  between  the  part  and  board  and  the  conductor 
and  board,  and  board  deflections  govern  fatigue  processes.  When  analyzed  as 
failure  processes,  we  believed  that  you  can  design  a  better  product  and  make 
suitable  trades  for  a  longer  lifetime,  and  that's  the  message  and  the  theme  of 
our  integrity  program. 


TYPICAL  THERMAL  FATIGUE  FAILURE  LOCATIONS 


THICKNESS 

component  soi nr n 

.101  N I 

EXPANSION 

k7 

IN-PLANE  EXPANSION 
COPPER  PlATED-THRU-ilOLE 


#6.  An  example  of  a  mechanical  failure  process  at  work  in  our  systems  is 
thermal  fatigue.  Thermal  cycling  encountered  in  the  ground  and  airborne 
operational  environment  is  at  work  not  only  on  the  components  but  also  at  the 
interfaces  of  the  components  to  the  printed  wiring  board.  Shown  here  is  a 
plane  view  of  a  multi-layer  printed  wiring  board  showing  typical  fatigue 
failure  locations.  The  strain  in  solder  joints,  particularly  for  surface 
mounted  devices,  cause  fatigue  failures  which  appear  often  as  on  open 
electrical  connection.  In  surface  mount  applications  the  solder  forms  both 
the  electrical  and  mechanical  joint.  There  is  no  lead  to  carry  a  share  of  the 
stress.  Expansion  can  often  be  five  times  greater  than  the  in- plane  expansion 
for  G-10  glass  epoxy  printed  wiring  boards.  The  strain  induced  in  the  copper 
plated  through  hole  can  lead  to  a  number  of  fatigue  related  failures  shown  in 
the  following  pictures. 


#7.  Here  is  photo  of  an  actual  plated-through-hole  in  cross  section.  Stress 
concentrations  at  the  interface  between  the  copper  plated  barrel  and  the  inner 
conductors  often  lead  to  foil  cracks,  as  shown  in  the  drawing  on  the  right, 
when  the  board  expands  out-of-plane. 


#8.  Here  is  a  photo  of  an  actual  foil  crack 
at  the  interface  with  the  plated-through-hole. 
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TYPICAL  THERMAL  FATIGUE  FAILURE  LOCATIONS 


#9.  Thermal  cycles  contributing  to  fatigue  failure  can  be  induced  during 
manufacturing  and  repair  as  well  as  during  during  operational  usage.  The 
strain  levels  experienced  during  the  repair  cycle  can  be  five  to  ten  times  the 
levels  experienced  during  in  flight  usage.  As  shown  on  the  chart  at  lower 
left,  these  strain  levels  can  significantly  reduce  the  lifetime  of  the  copper. 


#.10.  Here  is  a  photograph  of  the  cracked  electrodeposited  copper 
in  the  barrel  of  the  plated-through-hole  due  to  thermal  fatigue. 


#11.  The  strain  in  the  solder  Joint  can  be  determined  when  the  strain/failure 
relationship  of  the  solder  is  known  or  is  measured.  The  number  of  thermal 
cycles  to  failure  can  be  predicted.  Shown  in  the  lower  right  is  a  plot  of 
experimental  failure  data  for  several  common  leadless  chip  carrier  packages. 
The  line  is  as  predicted  by  the  strain  equation. 


•  CERAMIC  CHIP  CAPACITOR  •  LEADLESS  CHIP  CARRIER 


#12.  Shown  here  are  two  examples  of  solder  joint  failure.  The  ceramic  chip 
capacitor  was  gold  coated  to  aid  in  solder  adhesion  but  the  gold  contaminated 
the  solder  leading  to  embrittlement  and  subsequent  cracking.  The  picture  on 
the  right  shows  clear  cracking  of  each  solder  joint  after  100  temperature 
cycles  on  this  leadless  chip  carrier. 


ELECTRONIC  PART  FAILURE 


ELECTRONIC  PARTS  FAILURES 


#14.  More  component  failures  are  shown  here.  In  the  case  on  the  left 
moisture  expanding  at  high  temperature  caused  delamination  in  the  capacitor 
stack.  On  the  left,  the  integrated  circuit  die  has  become  detached  from  the 
header.  It  is  being  held  in  place  by  the  bonded  wire  interconnections.  The 
adhesive  may  not  have  been  applied  properly.  Even  though  the  chip  may  be 
operating  electrically,  it  will  fail  for  lack  of  heat  transfer  from  the  die  or 
from  breakage  of  the  interconnection  beads  in  the  vibration  environment. 


#15.  Shown  at  the  left  is  a  classic  case  of  thermal  fatigue 
related  cracking  of  an  integrated  circuit  lead  within  the  package. 
Inadequate  strain  relief  shown  at  the  right  can  cause  this  problem. 


#13.  The  achievement  of  avionics  integrity  is  truly  a  systems  engineering 
design  problem.  The  task  to  be  performed  drives  the  selection  of  a  technology 
which,  in  turn,  dictates  the  power  dissipated  by  each  element.  This 
influences  the  size  of  the  power  supply,  the  cooling  technique  to  be  employed, 
and  the  volume  needed  for  the  system.  Usage  dictates  the  environment  in  which 
the  system  must  live  and  sets  the  stage  for  fatigue  failure  of  the  materials. 
The  system  designer  must  optimize  this  synergistic  puzzle  to  achieve 
performance  and  lifetime  at  an  acceptable  life  cycle  cost.  As  we  have 
discussed,  integrity  is  influenced  by  on-chip  interconnections, 
interconnections  to  the  printed  wiring  board,  cabling  and  connectors,  and 
selection  of  hybrids  to  name  a  few.  Inattention  to  the  design  detail  at  these 
interfaces  can  lead  to  intermittents  or  fatigue  failures  all  of  which  reduce 
the  system  lifetime. 
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DESIGN  TO  USAGE 


•  PREDICTABLE  LIFE  CHARACTERISTICS 
REQUIRES 

UNDERSTANDING  DESIGN  USAGE 

•  IN-FLIGHT 

•  ENVIRONMENTAL  CONTROL  SYSTEM  (ECS)  MALFUNCTION 

•  GROUND  MAINTENANCE 


WITHOUT 


•  SHOP  REPLACEABLE  UNIT  REPAIR  (RESOLDER) 

•  DATA  BASE  REQUIRED:  THERMAL,  VIBRATION,  POWER 
QUALITY,  ON-TIME  “ENVIRONMENT-TIME  SENSOR” 


#19-  The  physical  fatigue  processes  in  avionics  systems  are  predictable  and 
controllable.  In  order  to  predict  the  system  life  characteristics,  we  must 
have  a  detailed  understanding  of  the  design  usage.  This  understanding  must 
not  only  include  the  in-flight  environment,  but  also  the  ground  maintainance 
environment.  This  includes  the  effect  of  operating  without  the  prescribed 
cooling  supply.  We  must  understand  the  effect  of  repair  operations  on 
lifetime.  We  have  seen,  for  example,  the  effect  of  soldering  temperatures  on 
the  lifetime  of  electrodeposited  copper.  We  must  build  a  knowledge  base  for 
each  application  to  track  environmental  changes  as  we  change  missions.  We 
then  can  predict  the  effect  of  such  changes  on  lifetime. 


CONSERVATIVE  DESIGN  REDUCES  FIELD  FAILURES 


•  FATIGUE  FRACTURE  BASED  DESIGN 
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TIME 


FAILURE 
FREE  LIFE 


•  DEVELOP  FATIGUE  LIFE  MODEL 

•  ESTABLISH  FAILURE  FREE  LIFE 

/  I  \ 


DESIGN 

USAGE 


MANF.  NDI 

QUALITY  OR 

ESS 

(MAX  DEFECT  SIZE* 


CONTROL  REPAIR  QUALITY 


#20.  If  we  use  conservative  design  practices,  the  resultant  hardware  is  more 
tolerant  of  the  stress  experienced  in  the  usage  environment.  Field  failures 
are  reduced  with  a  more  tolerant  design.  In  any  population  of  components  or 
system  subassemblies  there  is  a  distribution  of  defects  that  can  lead  to 
fatigue  fracture  as  we  have  discussed.  Process  control  can  reduce  the  number 
and  the  average  size  of  the  defects.  We  can  eliminate  defects  above  a  given 
size  and  thus  assure  a  minimum  failure  free  lifetime.  Eliminating  defects 
above  a  given  size  is  accomplished  through  environmental  stress  screening  or 
non-destructive  inspection.  With  a  thorough  understanding  of  design  usage, 
control  of  manufacturing  quality,  and  elimination  of  defects  above  a  given 
size,  we  can  expect  a  minimum  failure  free  lifetime  for  the  hardware.  If  we 
apply  the  same  discipline  to  our  repair  process,  we  can  maintain  an  expected 
lifetime  even  after  repair. 
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•  SYSTEMS 
RQMTS 


•  SYSTEMS 
PERF 
TRADES 


•  REQUIRE  ANALYSIS 
FOR  DESIGN  AND 
VERIFICATION;  CDR 


•  DESIGN 
USAGE 

•  MAINTENANCE 

& 

REPAIR 

OPTIONS 

•  AVIP 

•  TASKS 

•  CRITERIA 


AIR  FORCE 
R.  F.  P. 


•  AVIONICS 
INTEGRITY 
MASTER 
PLAN 

-TASKS 

-  DESIGN 
CRITERIA 

•ETC. 


CONTRACTOR 

RESPONSE 


CONTRACTUAL 

AVIP 

MASTER 

PLAN 

•  TASKS 

•  DESIGN 
CRITERIA 


•  VERIFY  DESIGN  BY 
TEST;  DSARC  III  B 

CONTROL  MFG 
QUALITY 

•  TRACK  SERVICE 
USAGE 

•  CONTROL  REPAIR 
QUALITY 


#21.  In  implementing  our  Avionics  Integrity  Program  we  have  been  sensitive  to 
the  concerns  expressed  by  industry  regarding  excessive  specifications,  tiering 
of  documents,  and  dictating  "how  to"  design  information.  Our  approach,  which 
utilizes  the  master  plan,  is  intended  as  a  response  to  the  criticisms.  The 
requirement  for  AVIP  will  be  included  in  the  Request  for  Proposal  along  with 
the  system  requirements  and  design  usage.  The  contractor  is  expected  to 
respond  with  a  preliminary  master  plan  which  includes  his  tasks  and  the  design 
criteria  to  be  used  with  his  approach.  After  the  contractor  has  been 
selected,  the  details  of  the  contractual  master  plan  will  be  worked  out  to 
allow  a  single  governing  plan  to  be  put  on  contract.  The  integrity  program 
emphasizes  the  importance  of  analysis  for  design  and  verification.  The  plan 
will  identify  the  quality  control  techniques  and  the  methods  of  verifying  the 
design  by  test  and  analysis.  The  program  includes  the  tracking  of  in-service 
usage  of  avionics  and  also  addresses  the  need  to  control  repair  quality  in 
order  to  maintain  the  expected  lifetime.  We  will  be  emphasizing  design 
verification  by  analysis  at  CDR.  In  addition,  we  will  use  the  results  of  the 
design  qualification  tests  as  part  of  the  data  base  for  the  production 
decision. 


•  ELECTRONIC  SYSTEMS:  SMALL  SCALE  STRUCTURES 

•  PREDICTABLE  FAILURE  CHARACTERISTICS 

•  CORROSION  CONTROL 

•  POWER 

•  CONSERVATIVE  DESIGNS  ARE  TOLERANT  IN  MANUFACTURING 
AND  IN  THE  FIELD 

•  TECHNOLOGY  DRIVING  FAILURE  LOCATIONS:  PARTS  TO 
INTERCONNECTIONS  AND  BOARDS 

•  AVIONICS  INTEGRITY  PROGRAM  YIELDS  FAILURE  FREE  MINIMUM 
FATIGUE  LIFE 

•  PRELIMINARY  SPECIFICATION  -  JULY1984 


In  summary, 

Electrical  systems  can  be  considered  as  small  structures  subject  to  the 
same  physical  failure  processes  as  large  structures. 

Conservatively  designed  systems  are  tolerant  of  the  stresses  induced  by 
manufacturing  processes  and  field  usage. 

As  parts  become  more  reliable  under  market  pressures,  we  must  look  to 
the  interconnections  of  parts  and  printed  wiring  boards  to  achieve  the 
longest  lifetime. 


The  Avionics  Integrity  Program  will  provide  us  with  a  means  of  attaining 
a  mlnumum  failure  free  lifetime. 


CONCLUSION 


-  IMPROVE  AVIONICS  INTEGRITY  - 


•  APPROACH:  DETERMINISTIC  PHILOSOPHY 

®  DURABILITY 

•  CONTROL:  SERIES  OF  ACTIVITIES 

e  STRESS  ANALYSIS 

•  DESIGN  TO  STRESS 

•  METHOD:  MASTER  PLAN 

•  DESIGN  CRITERIA 

•  TOOLS 
DESIGN  REVIEWS 
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DESIGN  CRITERIA 
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IMPLEMENTATION  STRATEGY 


BUSINESS 
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&  WARRANTIES 


#23.  The  Avionics  Integrity  Program  offers  a  proven  approach 
to  achieve  acceptable  and  cost  effective  avionics  lifetimes.  It 
serves  as  the  technical  basis  for  design  reviews.  The  Avionics 
Integrity  Program  compliments  business  strategies  concentrating 
on  incentives  and  warranties. 


Dr.  Halpin  ended  his  introductory  remarks  by  introducing  an  edited 
videotape  of  Mr.  Dave  Steinberg  and  Mr.  John  Hagge.  Mr.  Steinberg's  remarks 
are  from  a  presentation  on  "Packaging  Electronic  Equipment  for  Severe 
Environments."  For  additional  information,  refer  to  Mr.  Steinberg's  paper, 
"Design  Guides  for  Improved  Reliability,  Proceedings  IES,  L03  Angeles,  April 
1983."  Mr.  Hagge's  remarks  are  taken  from  his  presentation  on  "Reducing  Field 
Fatique  Failures  in  Circuit  Board  Assemblies."  For  additional  information, 
refer  to  Mr.  Hagge's  paper,  "Predicting  Fatique  Life  of  Leadless  Chip  Carriers 
Using  Manson-Coffin  Equations,"  Proceedings  IEPS,  San  Diego,  November  1982.  The 
viewgraphs  from  the  videotapes  are  included  here. 


PACKAGING  ELECT  RON  I C  EQU I PMENT 

FOR 
*  • 

SEVERE  ENVIRONMENTS 
by 

Dave  S.  Steinberg 


ENVIRONMENTAL  INDUCED  FAILURES 


COST  TO  AIR  FORCE  •  Si  03  MILLION  I  YEAR 
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AVOID  FLUSH  MOUNTEO  ELECTRONIC  COMPONENTS 
THERMAL  EXPANSION  GENERATES  STRESSES  IN  SOLDER  JOINTS 
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PROBABLl  FAILURE  LOCATIONS 
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MATERIALS :  USE  LOW  EXPANSION  SUBSTRATES 
OR  HIGH  DUCTILITY  COPPER  FOILS 
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OPTIMIZE  PROCESSING:  CAREFUL  CONTROL 
REQUIRED  OF  PTH  ELECTRODEPOSITS 
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SUCCESSFUL  PRODUCTION  OF  LEADLESS  COMPONENT 
FATIGUE  LIFE  WITH  MANSON-COFFIN  EQUATIONS 
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DESIGN  PARAMETERS:  MINIMIZE  L,  COMPONENT  SIZE; 
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OPTIMIZE  MAII  RIALS  CHOICES:  USE  A 
SUBSTRATE  WHICH  MEETS  YOUR  REQUIREMENTS 
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FAILURES  OCCUR  IN  COMPONENT  LEAD  W IK- S  AND  SOLDER  JOINTS 
DUE  TO  LARGE  DYNAMIC  DISPLACEMENTS,  WITH  POOR  STRAIN  RELIEF 


RELATIVE 


*  *  63/37  Sn/Pp-  SOLDO*  ALTERNATING  LAP  SHEAX  STRESS 

VS  * 

•  TEMPERATURE  AND  FREQUENCY  OF  APPLIED  LOAD 
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SUMMARY 


1.  TEMPERATURE  DEFORMATION  OF  PTH  IS  ELASTIC  UP  TO  80OC.  PLASTIC 

ABOVE  80° C 

2.  PTH  COPPER  SHOULD  EE  ABOVE  6S  ELONGATION,  50KPSI 

3.  PTH  LIFE  IS  INCREASED  WITH  LARGER  PTH  AND  POLY I HIDE  PWB'S 

H.  SOLDER  JOINT  DEFOP"\TION  IS  PREDOMINANTLY  PLASTIC,  THEREFORE 
HIGH  SOLDER  DUCTILITY  IS  IMPORTANT 

-  AVOID  SOLDER  CONTAMINANTS 

-  AVOID  HOT  STORAGE  OR  SLOW  COOLDOWN 


SUMMARY  (CONT) 


5.  FATIGUE  LIFE  DECREASES  WITH 

-  LARGER  COMPONENTS 

-  THIN  SOt.DER  JOINTS 

-  LARGE  TEMPERATURE  EXTREMES 

-  LARGE  COEFFICIENT  OF  EXPANSION  MISMATCH 

6.  MANSON- COFFIN  ANALYSTS  ARE  USEFUL  TOOLS  FOR 

-  GUIDING  PRC  DUCT/PRODUCTION  DESIGN 

-  PREDICTING  CYCLES  TO  FAILURE 
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The  first  speaker,  Dr.  Ajay  Sharna,  discussed  the  details  of  why  IBM's 
Thermal  Control  Module  has  a  very  high  reliability.  Here  are  the  viewgraphs  of 
his  presentation. 


THERMAL  CONTROL  OF  LSI  MODULES 

IN 

IBM  3081  COMPUTERS 

A.  Sharma 

IBM,  General  Technology  Division 
East  Fishkill,  NY 


The  Thermal  Conduction  Module  (TCM) 


■  Mu'ti-layer  ceramic  substrate 

■  Uplo  118  LSI  chips 

■  25oM  circuits  per  cubic  meter 

■  Upto  4 W  per  chip,  300W  per  module 

■  Mechanical,  thermal  and  environmental 
encapsulation 

1 1  -d3-wa x  - 

Product  Requirements 

■  Wide  range  of  environmental  conditions 

■  Cooling  water  between  22  and  31C 

■  Chip  powers  vary  between  0.4  and  2.7W 
(Nominal),  design  maxima  4W. 

■  Chip  temperatures  maintained:  40  -  85C 

■  Chip  to  water  thermal  resist.  ^  13C/W 

■  Repairing  capability 

■  Field-replaceable  unit 


DESCRIPTION 


Cold  Plate 

BeCu  water  cooled  heat  sink 
Screw  attachment  to  hat 
0.02  C/W  water  to  hat 
Hat  Assembly 

Describ.ed  in  detail  on  next  slide 
Interposer 

Allows  upward  temperature  adjustment 
C-ring 

Lead-plated  Inconel,  caoted  with  wax 
Provides  reworkable,  hermetic  seal 
Substrate 

MLC,  90x90  mm,  upto  33  layers, 

1800  1/0  pins 


Hat  Assembly 

■  Contains  a  piston  for  each  chip 

■  Aluminum  alloy  pistons  with  crowns 

■  Accomodates  chip  and  piston  tilts 

■  Filled  with  helium  to  enhance  thermal 
interfaces 

■  End  of  life  air  ingress  of  13% 

■  Seals  tested  to  3600  cycles  of  25— 75C 

■  Thermal  resistance:  8.4  to  9.1  C/W 


Cooling  Development 

Chip  to  piston  resistance: 

Pressure,  chip  tilt,  piston  crown 

He  vs.  Air:  7.9  C/W  vs.  22  C/W 

Limit  air  ingress  to  13  percent 

Three  dimensional  thermal  models 

Interposers  added  to  maintain  40  -  85C 

Special  thermal  test  vehicles 

Stress  tests:  vibration,  shock,  on/off 

,  r  41  **mT 

Conclusions 

Cooling  capability  for  25000  logic 
circuits  and  65000  array  bits  per 
module  of  0.001  cubic-meter  volume 

Very  high  reliability 

Extendable  cooling  capacity 

High  heat  fluxes  (100  KW  per  square  m) 

Hermetic  enclosure  isolates  from 
external  environment 


tt  -da-WBI 
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The  next  speaker  was  Mr.  John  Devaney  from  Hi  Del  Laboratories.  The 
following  is  a  summary  of  Mr.  Devaney's  remarks: 

In  failure  analysis  as  elsewhere  this  famous  quote  is  very  relevant. 

■Those  who  are  ignorant  of  history  are  doomed  to  repeat  it." 

In  failure  analysis  we  are  still  analyzing  the  same  failures  we  were  over 
20  years  ago.  Prior  to  about  1967  we  felt  that  if  they  were  properly  built, 
semiconductors  would  not  wear  out.  Since  then  we  have  started  talking  about 
wearout  mechanisms  in  semiconductors  and  we  have  found  that  thermal  cycling  or 
thermal  stressing  is  one  of  the  key  factors  in  aggravating  failures.  Some 
other  failure  mechanisms  are  intermettalics  (purple  plague  failure  and  bonding), 
corrosion,  electromigration,  dendrite  growth,  nodule  formation  and  ionic 
leakage  paths. 

There  are  several  types  of  failure  analysis  (or  as  some  people  call  it  — 
process  control  or  process  engineering).  First  of  all  we  have  environmental 
stress  test  screening  which  was  done  extensively  on  the  Minuteman  missile. 
Greater  and  greater  stresses  were  applied  to  the  part  until  it  failed  and  then 
analyzing  the  failures  to  determine  the  root  cause  failure  mechanism  and  then 
either  redesigning  the  component  or  its  application  in  the  system.  The  other 
type  of  failure  analysis  is  the  analysis  of  the  part  when  it  fails  in  the 
system. 

For  failure  analysis  to  be  effective  a  number  of  factors  are  of  major 
concern:  the  turnaround  time  (need  answers  in  hours  or  days  usually),  cost, 
creditabilty. 

The  future  of  failure  analysis,  as  integrated  circuits  get  smaller  and  more 
complex,  depends  upon  power,  temperature  cycling  and  the  mechanisms  that  are  no 
longer  screenable  by  brute  force,  l.e.  how  do  we  think  about  what  the  potential 
problems  might  be  without  waiting  for  failures  to  occur  in  the  field. 
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It  is  more  and  more  important  for  the  manufacturer  and  the  user  to  work  as 
a  team.  We  need  to  do  less  assessing  of  blame,  less  "finger-pointing"  and  more 
"what  can  we  do  to  fix  it." 

Most  of  what  we  know  has  already  been  published,  but  most  of  the  time 
failure  analysts  call  each  other  to  find  out  if  someone  else  has  seen  the 
failure  mode  which  they  themselves  don’t  recognize.  Usually  under  the  time 
constraints  of  failure  analysis,  we  are  not  willing  to  look  through  the  books 
and  papers  to  find  the  answer  to  our  problem.  Our  base  problem  then  is  that 
people  don't  recognize  failure  modes.  There  are  very  few  comprehensive  studies 
on  failure  analysis  with  photo  atlases  to  show  what  the  failure  mode  looks 
like  and  then  to  describe  its  root  cause. 

Mr.  Devaney  then  showed  some  slides  of  actual  failure  modes. 


V.  „ 
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The  next  speaker,  Col  Dalton  Wirtenan,  also  discussed  the  government' 
use  of  stress  screening  from  the  DESC/E  point  of  view.  Col  Wirtenan' s 
viewgraphs  are  included  here. 


D  E  S  C 


DoD  INVENTORY  MANAGER  FOR  300,000  PARTS 
PROVIDE  COMPONENT  ENGINEERING  TO  THE  MILMRY 

•  PREPARE  OVER  1200  STANDARDIZATION  PRO.::  ;TS  EACH  YEAR 

•  MAINTAIN  AND  DEVELOP  SOURCES  FOR  GPLs 

•  AUDIT  VENDORS 

*  MANAGE  DESC  TEST  FACILITY. 

#  PROVIDE  COMPONENT  APPLICATION  I NFORMAT I  ON/PARTS  CONTROL 

*  PROVIDE  DCAS  TECHNICAL  TRAINING 


DESC 

ESS  OF  COMPONENTS  CAN  IMPROVE  PERFORMANCE/RELIABILITY  OF 
SYSTEMS/EQUIPMENT 

HI-REL  MIL  PARTS  PROVIDE  ESS 

*  MIL- STD-833  (MICROCIRCUITS)  AND  MIL-STD-750  (SEMICONDUCTORS) 
DESC  TEST  FACILITY  RESULTS  SHOWS  THE  SCREENING  EMPHASIS  SHOULD 

BE  ON  COMMERCIAL  PARTS 
LOGISTICS  EXPLOSION  W/0  STANDARDIZATION 

*  DESC  ESTIMATES  POSSIBLE  TRIPLING  OF  OUR  INVENTORY  WITHIN 

3  YEARS  W/0  STANDARDIZATION 
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(CLA3S  B  MlCROCtRCUlTS) 


1-383  1QQ  S  SCREENING 

Internal  Visual: 

Stabilization  Bake:  24  taj.  al50°C 

Temperature  Cycling:  -65°C  to  +150°Cj  10  cycles 

Acceleration:  30,000G,  Y  \  Orientation 

Burn-In:  160  Hrs.  a  +125cC 

Final  Electricals:  Static  a  -55°C,  25°C,  125°C 
Functioning  a  25°C 
Switching  a  25°C 

Seal  Test:  Fine  and  Gross 

External  Visual 


D  E  S  C 
JAN  BRANDING  POLICY 

INSPECTIONS  AND  TESTS  TO  VERIFY  COMPLIANCE  WITH 
THE  SPEC  DOES  NOT  JEOPARDIZE  THE  JAN  BRAND 

SELECTING  PARTS  TO  TIGHTENED  ELECTRICAL  PARAMETERS 
DOES  REQUIRE  AN  N3P  (CONTRACTOR  DRAWING) 


INSPECTION  AND  SCREENING  F  ALL  COMPONENT  PARTS  LEADS  TO 
INCREASED  ELECTRONICS  !  TEGRITY 

ESS  REQUIREMENTS  MUST  BE  ' ARRIED  THROUGH  THE  LOGISTICS  SYSTEM 

PARTS  STANDARDIZATION  +  APPROPRIATE  SCREENING  -  INCREASED 
SYSTEM  READINESS 

•  USE  OF  HI-REL  MIL  PARTS  -  COST  EFFECTIVE  APPROACH  TO  ESS 

*  ALL  COMMERCIAL  PAK.S  DOCUMENTATION  SHOULD  INCLUDE 

REQUIREMENTS  FOR  INCOMING  INSPECTION  AND  ESS 

USE  OF  DoD  DOCUMENTATION  TO  PROVIDE  'STANDARDIZED  COMMERCIAL 
PARTS  AND  SCREENING' 


The  next  speaker,  Mr.  Ed  Koenig  from  Warner  Robbins  ALC  discussed  the 
"Use  of  Stress  Screening  At  the  Depot."  His  briefing  viewgraphs  are  included 


ELECTRONIC  COMPONENT 
SCREENING  BRIEFING 


FOR 

NAECON  '84 


ELECTRONIC  COMPONENT  SCREENING 


#  R  HRRNER  ROBINS  RLC  INITIRTIVE  RIMED  RT  IMPROVING 
THE  QURLITY  OP  REPRIRED  RV I  ON ICS  PROVIDED  TO  USING 
COMMRNDS 

*  R  COMPREHENSIVE  PROCESS  TO  ELECTRICRLLY  TEST  RND 
ENVIRONMENT RLLY  STRESS  COMMON  ELECTRONIC 
COMPONENTS  PRIOR  TO  THEIR  UTILIZRTION  IN  THE 
REPRIR  OF  RIRBORNE  ELECTRONICS  EQUIPMENT. 


COMPONENTS  SCREENED 


#  COMMON  VRRIETY  ELECTRONIC  COMPONENTS 
REPRESENTING  THE  HIGHEST  USRGE  NSNs 
FOR  THE  DIVISION 


STOCK  CLRSS 

TYPE  OF  COMPONENT 

5905 

RESISTORS 

5910 

CRPRCITORS 

5961 

TRRNSISTORS 
&  DIODES 

.  5962 

INTEGRRTED 

CIRCUITS 

BRIEFING  TOPICS 


*  WHY  ECS  IS  NEEDED 

-  FRCTORS  REFECTING  QURLITY  OF 
RECEIVED  COMPONENTS 

-  IMPRCT  OF  SUBSTRNDRRD  PRRTS  ON 
RVIONICS  REPRIR 

*  THE  ECS  PROCESS 


*  N HRT  ECS  RCCOMPLISHES 


SOURCE  OF  SUPPLY 


*  THE  VRST  MRJORITY  OF  ELECTRONIC  COMPONENTS 
UTILIZED  BY  NR-RLC/MRI  FOR  REPRIR  RCTIVITIES 
RRE  SUPPLIED  BY  THE  DEFENSE  LOGISTICS  RGENCY 
(DLR)  THROUGH  THE  DEFENSE  ELECTRONICS  SUPPLY 
CENTER  (DESC) 

*  HR-RLC'S  REQUIREMENTS  RRE  INTEGRRTED  HITH 
THOSE  OF  OTHER  DOD  RCTIVITIES,  RESULTING  IN 
BULK  REQUISITION  OF  NEEDED  COMPONENTS  BY  THE 
DLR  TO  MEET  HUGE  DEMRND  LEVELS 


COMPONENT  PROCUREMENT 


#  PRRTS  RRE  OBTRINED  UNDER  THE  TIME-HONORED 
PROCUREMENT  PRRCTICE  OF  CCNTRRCTING  FOR  REQUIRED 
MRTERIRL  FROM  THE  LOHEST  QURLIFIED  BIDDER. 

#  R  PREMIUM  IS  PR ID  FOR  100%  QURLITY  RSSURRNCE 
LEVEL  COMPONENTS  (IT  IS  LOST -PROHIBITIVE  TO 
PROCURE  SUCH  PRRTS  RCROSS-THE-BORRD) 

#  RNY  ONE  ' QURLIFIED "  SUPPLIER  POSSESSING  PRRTS 
NHICH  MEET  PROCUREMENT  REQUIREMENTS  CRN  BID 
FOR  CONTRRCT: 

-  COMPONENT  MRNUFRCTURERS 

-  PRRTS  DISTRIBUTORS 

-  "Gr.RRGE"  OPERRTICNS 


NATURE  OF  PROCURED  PARTS 


*  HIDE  VRRIRNCE  IN  PRRTS  QURLITY  RSSURRNCE  LEVEL 

*  SMRLL  LOTS  OF  COMPONENTS  OF  THE  SRME  NSN  HILL 
CONTRIN  PRRTS  FROM  SEVERRL  SUPPLIERS 

*  DUE  TO  COMPONENT  STOCKPILING  BY  DLR,  THE  RGE 
OF  SUPPLIED  COMPONENTS  VRRIES  NIDELY  (MRI  HRS 
RECEIVED  COMPONENTS  MRNUFRC T URED  RS  ERRLY 

RS  1356). 


DESC  TEST  EFFORTS 


*  RECOGNITION  OF  THE  VRRIRNCES  IN  PRRTS  QURLITY 
PROMPTED  DESC  TO  ESTR3LISH  R  SRMPLE  TEST 
CRPRBILITY  IN  THE  LRTE  1 970'S 

*  DUE  TO  DESC'S  LIMITED  CRPRBILITIES,  ONLY  40* 
OF  ONE  FEDERRL  STOCK  ' CL RSS  (FSC  5961)  RRE 
CURRENTLY  SUBJECTED  TO  SRMPLE  TESTING 

*  DESC  HRS  PLRNS  TO  UPGRRDE  THE  NUMBER  RND 
TYPES  OF  COMPONENTS  SRMPLE  TESTED  DURING 
THIS  DECRDE 


DESC  TEST  METHODOLOGY 


#  DESC  REVIEWS  RLL  PRRTS  PROCUREMENT  CON 7:-  RCTS 
RND  SELECTS  RPPROXIMRTELY  40Z  TO  UN DERG: 

SRMPLE  TESTING 

#  THE  DLR  NRREHOUSE  IS  NOTIFIED  RND  SHIPS  R 
SMRLL  SRMPLE  FROM  SELECTED  INCOMING  LOTS  TO 
THE  TEST  LRPS 

#  RT  DESC,  THE  SRMPLE  IS  ELECTRICRLLY  TESTED. 

IF  RNY  FRILURES  RRE  ENCOUNTERED,  R  LRRGER 
SRMPLE  IS  F ORNRRDED  FOR  TEST.  BRSED  ON  rEST 
RESULTS,  STRNDRRD  STRTISTICRL  CRITERIR  RRE 
UTILIZED  TO  RCCEPT  OR  REJECT  THE  LOT  BRSED  ON 
THE  NUMBER  OF  FRILURES. 

#  IF  LE?SS  THRN  R  STRTISTICRLLY  DETERMINED  NUMBER 
FRIL,  THE  LOT  IS  ORDERED  INTO  NRREHOUSE  STOCK 
FuR  DIS I Hlbu i ICa . 


OTHER  NEGATIVE  FACTORS 


#  MRJCR  COMPONENT  MRNUFRCTURERS  PURSUING  MRRKET  FOR 
CONSUMER  ELECTRONICS  RRTHER  THRN  MILITRRY  CONTRACTS. 
LESSER  FIRMS  TRKE  UP  THE  SLRCK. 

#  CHRNGES  IN  MRNUFRCTURING  SITES  OFTEN  RDVERSEL.Y 
RFFECTS  COMPONENT  PERFORMRNCE  LEVELS. 


IMPACT  OF  SUBSTANDARD  MATERIAL 


#  SUBSTRNDRRD  OR  DEFECTIVE  PRRTS  UTILIZEL  IN  DEPOT 
REPRIR  PROCEDURES  NECESSITRTE  EXPENSIVE  RENORK  OP 
RSSEMBLIES 

-  TROUBLESHOOTING 

-  REMO VRL /REPL RCEMEN T 

-  RETESTING 

-  POTENT IRL  DRMRGES/QURLITY  PROBLEMS 

FROM  EXTRR  RENORK 


*  INFRNT  MORTRLITY  COMPONENTS  RESULT  IN  ERRLY  FIELD 
FRILURES  -  UNNECESSRRY  REPRIR  CYCLES 


IMPLEMENTATION  PLAN 


*  SUBJECT  100 '/.  OF  HIGH  USRGE  COMPONENTS  TO 
SCREENING  PROCESS 

#  ELECTRICRLLY  TEST  RGRINST  COMPONENT 
SPECIF ICRT ION 

if  ENVIRONMENTRLLY  STRESS  TO  NEED  OUT  UNSTABLE 
COMPONENTS  (INCLUDING  INFRNT  MORTRLITY 
FRILURES) 

if  PROVIDE  100'4  GOOD  BENCH  STOCK  FOR  R‘ 'IONICS 
REPRIR  NORK 


ECS  PROCESS 


#  DEPENDING  ON  COMPONENT  TYPE,  R  L OMBINRTION  OP  THE 
FOLLOHING  MIL-STD-750C  OR  MIL-STi-8833  TESTS  RRE 
CONDUCTED: 


VISURL  INSPECTION 
HERMETIC  SERL 
STRBILIZRTION  BRKE 
TEMPERRTURE  CYCLING 


CONSTRNT  RCCELERRTION 
HIGH  TEMP  REVERSE  SIRS 
THERMPL  SHOCK 
BURN-IN 


"GROUP  R"  ELECTRICRL  TESTS  -  UP  TO  3  TIMES 
DEPENDING  ON  ENVIRONMENTRL  TEST  PROGRRM 


*  150,000  TO  200,000  COMPONENTS  SCREENED/YERR 


ESC  RESULTS 


*  COST  RVOIDRNCE  BENEFITS  COMPUTED  IN  FY82  FOR 
REMOVING  INCOMING  SUBSTRNDRRD  RND  INFRNT 
MORTRLITY  COMPONENTS  HERE  $43.70  RND  $814.27 
PER  PRRT,  RESPECTIVELY. 

*  BRSED  ON  R  CONSISTENTLY  DEMONS! RRT ED  FRILURE 
OF  LEVEL  OF  RPPROXIMRTELY  4'/.,  VERRLY  BENEFITS 
EXCEED  ECS  FRCILITY  STRRT-UP  F.:.  1  OPERRTING 
COSTS  BY  BETTER  THRN  R  3  TO  1  RTIO . 


SCREENING  BENEFITS 


*  ELIMINATION  OF  UNNECESSARY  REWORK  BY  REMOVAL  OF 
RECEIVED  SUBSTANDARD  COMPONENTS  AT  INITIAL 
ELECTRICAL  TEST 

*  ELIMINATION  OF  EXTRA  DEPOT  REPAIR  CYCLES  FOR 

END  ITEMS  WHICH  FAIL  DUE  TO  COMPONENT  INSTABILITY 
OR  INFANT  MORTALITY 


CONCLUSIONS 

*  ALMOST  ALL  ELECTRONIC  COMPONENTS  ARE  ACCEPTED  INTO  THE  DOD 
SYSTEM  WITHOUT  BEING  SUBJECTED  TO  ANY  INDEPENDENT  (USER) 

TESTING. 

*  IN  THE  ONE  FSC  (5961)  CURRENTLY  SAMPLE  TESTED  BY  DESC  ONLY 
40X  RECEIVE  THIS  ADDITIONAL  SCRUTINY. 

*  BASED  ON  THE  SAMPLE  TEST  RESULTS  FOR  FSC  5961  COMPONENTS: 

-  AN  ENTIRE  LOT  IS  ACCEPTED  IF  A  SMALL  SAMPLE  PASSES 
ELECTRICAL  TEST 

-  COMPONENT  LOTS  ARE  ACCEPTED  E/EN  IF  THEY  CONTAIN  LESS 
THAN  A  STATISTICALLY-DETERMINED  PERCENTAGE  OF 
SUBSTANDARD  PARTS 

BOTTOM  LINE:  IT  IS  IMPOSSIBLE  TO  GUARANTEE  DELIVERY  OF 
100Z  GOOD  PARTS  TO  A  GOVERNMENT  USER  ON 
'a  ROUTINE  BASIS 


FUTURE  DIRECTIONS 


*  INCREASED  RTTENTION  TO  COMPONENT  PROBLEMS 
WILL  IMPROVE  BUT  NOT  CURE  SITUATION 


*  ECONOMICS  FAVOR  CONTINUED  INDUCTION  OF 
HIGH  VOLUME  PARTS  INTO  THE  ECS  PROGRAM 


ENVIRONMENTAL  STRESS  SCREENING 

W R-ALC  FUTURE  APPLICATIONS  OF  ESS  PRINCIPLES: 

*  INVESTIGATE  USE  ON  REPAIRED  SHOP  REPLACEABLE  UNITS 

*  DEFINE  FAILURE  MECHANISMS  FOR  CANDIDATE  SHOP 
REPLACEABLE  UNITS  (SRUTT 

*  SELECT  5-7  TYPES  OF  HIGH  HARDNARE  FAILURE  SRUs 

*  DEVELOP  STRESS  SCREENS  FOR  SELECTED  TYPES  OF  SRUs 

*  EVALUATE  IN  THE  FIELD  AGRINST  CONTROL  GROUP 

*  EVALUATION  TO  BE  COMPLETED  SUMMER  '86 

*  IF  SUCCESSFUL,  NR-ALC  TO  IMPLEMENT  STRESS  SCREENING 
RS  PART  OF  AVIONICS  REPAIR  PROCESS 


The  next  speaker,  Mr.  C.  E.  (Neil)  Handel,  also  discussed  stress 
screening  but  from  the  perspective  of  the  Institute  of  Environmental  Services 
(IES).  The  viewgraphs  from  his  presentation  are  in  this  report. 


INSTITUTE  OF 

ENVIRONMENTAL  SCIENCES 
ENVIRONMENTAL  STRESS 
SCREENING  ACTIVITY 


•  ASSEMBLY  ESS  GUIDELINE  DOCUMENT 

•  THIRD  NATIONAL  CONFERENCE  AND  WORKSHOP  (ASSEMBLIES) 

•  2  REGIONAL  WORKSHOPS  ON  PARTS  SCREENING 

•  PARTS  ESS  GUIDELINES  DOCUMENT 

•  FOURTH  NATIONAL  CONFERENCE  AND  WORKSHOP  (PARTS) 


ESSEH  TECHNICAL  COMMITTEE 


THIRD  NATIONAL  CONFERENCE 
AND  WORKSHOP 

SEPT  10-13.  1984  PHILADELPHIA,  PA 


EVENTS 


•  KEYNOTE  ADDRESS  -  MR.  WILLIS  J.  WILLOUGHBY,  JR. 

DEPUTY  CHIEF  OF  NAVAL  MATERIAL 
FOR  R/M  AND  QA 


•  EXECUTIVE  PANEL 


MANAGEMENT  AND  COST  ASPECTS  OF  ESS 


•  PLENARY  SESSION 


TECHNICAL  PAPERS 


•  PANEL  SESSION 


RANDOM  VIBRATION 


•  PANEL  SESSION 


MIL-STD-883C/MIL-M-38510F 
MIL-STD-1772  ISSUES 


•  WORKSHOP  SESSIONS  •  INTRODUCE  AND  DISCUSS  NEW  ASSEMBLY 

GUIDELINE  DOCUMENT 

•  PART  SCREENING  DEVELOPMENTS 


FEATURES 


•  COMPLETE  UPDATE  OF  ESS  GUIDELINES  FOR  MODULE,  UNIT  AND 
SYSTEM  LEVELS  OF  ASSEMBLY 

A  DATE  BASE  -  APPROXIMATELY  50  NEW  DATA  SETS 

•  REVISION  OF  COST  ANALYSIS  SECTION 

A  SIMPLIFY  FOR  USER 

A  ADD  FLOW  DIAGRAMS  RELATIVE  TO  CALCULATING 

SCREENING  COST,  IN-HOUSE  SAVINGS  AND  FIELD  SAVINGS 

•  NEW  TOPICS  TO  BE  COVERED 

A  MANAGEMENT 
A  RECOMMENDED  PRACTICES 
A  DYNAMICS  OF  ESS  PROGRAM 
A  PROGRAM  NEEDS 


MAY  M/CtM 


THIRD  NATIONAL  CONFERENCE 
AND  WORKSHOP 
PARTS  PROGRAM 


•  HIGH  DENSITY  MEMORY  DEVICE  SCREENING  TECHNIQUES 

•  DISCUSSION  OF  SCREENS  VS  PART  APPLICATION  AND 
DEVICE  PACKAGE 

•  IMPACT  OF  M I L-STD-883C/M IL-M-38510F/MI L-STD- 1 772  -  PANEL 

A  OEM 

A  PART  VENDOR 
A  GOVERNMENT 

•  APPROACH  TO  IMPROVED  CONTROL  OF  DEVICE  MANUFACTURER  ESS 

A  GOVERNMENT 
A  OEM 

•  GUIDELINE  DOCUMENT  STATUS/ISSUES 


WAV  M/CtM 


PARTS  ESS  GUIDELINE  DOCUMENT 


PURPOSE 

•  DOCUMENT  CURRENT  SCREENING  PRACTICE  AND  RESULTS 

•  DISCUSS  SCREENING  CHALLENGES  ASSOCIATED  WITH  NEW 
TECHNOLOGY 

•  PROMOTE  DISCIPLINED  APPROACH  TO  ESS  PROGRAM 
DEVELOPMENT 

A  CLASSIFY  SCREENS  BY  PARY  TYPE/ATTRIBUTE/ 
FAILURE  MECHANISM 

•  PROMOTE  COMMON  BASELINE  OF  UNDERSTANDING  OF  ESS 

STATUS 

•  DATA  BASE  TO  DATE  -  15.5  MILLION  PARTS 

•  FINAL  DATA  BASE- >40  MILLION  PARTS 

•  DOCUMENT  60%  COMPLETE 


PLAN  FOR  DEVELOPMENT  OF 
PART  ESS  GUIDELINE  DOCUMENT 


•  DATA  COLLECTION/ANALYSIS:  SEPT  '81  -  JAN  '85 

•  DRAFT  GUIDELINES:  SUMMER '83  -  CONTINUING 

•  DISCUSSION  OF  ISSUES  -  ESSEH  CONFERENCE/WORKSHOP 

A  SEPT '84 -PHILADELPHIA,  PA 

•  REGIONAL  PARTS  WORKSHOP  NO.  1  -  PHILADELPHIA,  PA  -  SEPT  '84 

A  CRITIQUE  ORAFT  GUIDELINE  DOCUMENT 

•  REGIONAL  PARTS  WORKSHOP  NO.  2  -  SAN  JOSE,  CA  -  SPRING  '85 

A  CRITIQUE  2ND  DRAFT  GUIDEUNE  DOCUMENT 

•  FOURTH  NATIONAL  IES  ESSEH  CONFERENCE/WORKSHOP  - 
SAN  JOSE,  CA  -  SEPT  '85 

A  INTRODUCE  PARTS  GUIDELINE  DOCUMENT 


.> .  - .  •  .**  .*» 
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PARTS  ESS  GUIDELINE  DOCUMENT 


OUTLINE 

•  INTRODUCTION/SCOPE/PARTICIPANT  ACKNOWLEDGEMENT 

•  FACTORS  AFFECTING  ESS  REQUIREMENTS 

•  PART  SCREENING  METHODS  FOR  MICROCIRCUITS 

•  STABILIZATION  BAKE  •  HERMETICITY 

•  TEMPERATURE  CYCLING  •  MECHANICAL  SHOCK 

•  CONSTANT  ACCELERATION  •  MECHANICAL  VIBRATION 

•  PIND  TESTING  •  BURN-IN 

•  DEVELOPMENT  OF  ESS  PROGRAM  EXISTING  TECHNOLOGY 

A  LEVEL  OF  PARTS  TO  PROCURE  -  HOW  DETERMINED 
ASCREENING  PARAMETERS 

Aoptimization/tailoring 

Are-screening 

•  criteria/risk 

•  OEM  VS  SCREENING  HOUSE 


PARTS  ESS  GUIDELINE  DOCUMENT 


OUTLINE  CONT 


•  DEVELOPMENT  OF  ESS  PROGRAM  NEW  TECHNOLOGY 

A  EXAMPLE:  256  K  RAM 

□  PROCESS  EVALUATION 

□  ANALYSIS  OF  FAILURE  MECHANISM 

□  UTILIZATION  OF  STEP-STRESS  TECHNIQUE 

•  MANAGEMENT  CONSIDERATIONS 

•  PLASTIC  PARTS 

A  FAILURE  ANALYSIS/DPA 

•  SHELF  TIME  VS  RESCREEN 

•  USE  OF  ACCELERATED  SCREENS 


MAY  MfCCM 


PARTS  ESS  GUIDELINE  DOCUMENT 


OUTLINE  CONT 


•  DIE  RELATED  FAILURE  MECHANISMS  VS 
POSSIBLE  SCREENS 

•  INNOVATIVE  SCREENS 

•  INDUSTRY  DATA/CONCLUSIONS 

A  FIELD  FAILURE  BREAKOUT  BY  TECHNOLOGY  TYPE 


MAT  M/CfM 


MONTHLY  TREND  CHART 
100%  RECEIVING  ELECTRICAL  TEST  RESULTS 
FOR  DIGITAL  INTEGRATED  CIRCUITS  AT  RSGMD 


ESS  ISSUES 


PARTS 

•  EMERGING  TECHNOLOGY  (HYBRIDS/VHSIC) 

A  PRESENT  SCREENING  METHODS  INADEQUATE 

•  “883"  CRITERIA  INADEQUATE  FOR  NEW  DIE  &  PACKAGES 
A  FACILITIES  NOT  GEARED  TO  NEW  TECHNOLOGY 

•  PRE-CAP  VISUAL 

•  MAGNIFICATIONS  INADEQUATE 

•  SEM  DESTRUCTIVE 

•  NEW  BURN-IN  EQUIPMENT  NEEDED 
A  ELECTRICAL  TESTS  COMPLEX 

•  NEW  GENERATION  T/E  NEEDED 

ASSEMBLIES 

•  SEQUENCE  OF  SCREENS  AT  BOX  LEVEL 

•  SYNERGISIC  EFFECT  OF  ESSs 

•  RANDOM  VIBRATION  SPECTRUM/PARAMETERS* 

RECOMMENDATION 

*M.  M81T  EFFORT  OVER  3  YEAR  PERIOD 


ESS  ISSUES 


MAT  MICtM 


MANAGEMENT 

•  USE  OF  GUIDELINE  NOMINAL  VALUES  AS  FIRM  REQUIREMENTS 
CONSEQUENCES 

-  BAD  SCREENS 

-  DAMAGING  SCREENS 

-  EXCESSIVE  ESS  COST 

RECOMMENDATION 

REQUIRE  PROSPECTIVE  CONTRACTORS  PROPOSE  ESS  BASED 
UPON  CHARACTERIZATION  OF  CANDIDATE  HARDWARE 


MAY  M/Cttt 


86 


\  \  \ 


•  DISCIPLINED  APPROACH  TO  ESS  DESIGN 

•  POLICY  -  SOME  FORM  OF  ESS  ON  ALL  DEMONSTRATABLE 

OR  DELIVERABLE  HARDWARE 

-  DESIGN  OF  SCREENS  DURING  FSD  TIME-FRAME 

•  COST  ANALYSIS  OF  EVERY  ESS  PROGRAM 

-  FOR  PROPOSAL  WORK 

-  FOR  MANAGEMENT 


MAY  84/CEM 


AVIONICS  INTEGRITY  PROGRAM  ADDRESS 

\ 

MR,  GARY  LUDWIG  -  PANEL  MODERATOR 
(1C  MINUTES  ALLOCATED) 

VUGRAPH  1 

THANK  YOU,  JOHN.  WE  HAVE  HAD  THE  OPPORTUNITY  TO  SEE  THIS  AFTERNOON 
WHAT  INDUSTRY  IS  ACCOMPLISHING  IN  THE  AREA  OF  RESEARCH  INTO  INTEGRITY 
ISSUES.  WE  HAVE  AN  IDEA  OF  WHAT  IS  IMPORTANT  TO  ACHIEVE  INTEGRITY  IN 
AVIONICS.  THE  QUESTION  THAT  MUST  NOW  BE  ANSWERED  IS  HOW  THE  GOVERN¬ 
MENT  IS  GOING  TO  ASK  FOR  IT. 

VUGRAPH  2 

WE  HAVE  BUILT  UPON  THE  SUCCESSFUL  AIRCRAFT  STRUCTURAL  INTEGRITY 
PROGRAM  IN  DEVELOPING  OUR  CONCEPT  OF  A  MASTER  PLAN  TO  BE  PREPARED 
BY  THE  SUPPLIER,  SYSTEM  INTEGRATOR  OR  SUBSYSTEM  MANUFACTURER. 

THE  PLAN  IS  TO  DESCRIBE  THE  APPROACH  TAKEN  TO  SATISFY  INTEGRITY 
REQUIREMENTS.  THIS  PLAN,  DEVELOPED  IN  A  PRELIMINARY  FORM,  IS  TO  BE 
SUBMITTED  BY  THE  MANUFACTURER  AS  PART  OF  THEIR  RESPONSE  TO  A  REQUEST 
FOR  PROPOSAL.  THE  INITIAL  PLAN  WILL  INCLUDE  THE  APPROACH  THE  MANU¬ 
FACTURER  WILL  TAKE  IN  SOME  KEY  AREAS  SUCH  AS  STRESS  ANALYSIS,  FAIL¬ 
URE  DIAGNOSIS,  THERMAL  MANAGEMENT.  TESTABILITY,  DERATING  AND  STRESS 
SCREENING.  THE  INITIAL  MASTER  PLAN  WILL  BE  USED  AS  A  FACTOR  IN 
SOURCE  SELECTION,  AND  IT  WILL  BECOME  PART  OF  THE  CONTRACT  AFTER  THE 
MANUFACTURER  HAS  BEEN  SE: ECTED  AND  AGREEMENT  IS  REACHED  AS  TO  HOW 
AND  WHEN  IT  WILL  BE  UPDATED. 


THE  AVIONICS  INTEGRITY  MASTER  PLAN  IS  TO  BE. DEVELOPED  WITH  THE 
GUIDANCE  PROVIDED  1 1  THE  AVIONICS  INTEGRITY  MILITARY  PRIME  STANDARD 
WHICH  EXISTS  IN  DRA-7  FORM  NOW.  THE  STANDARD  WILL  BE  SUPPORTED  BY 
A  HANDBOOK  TO  PROVIDE  RATIONALE  AND  LESSONS-LEARNED  GUIDANCE  FOR 
STANDARD  APPLICATION  AND  IT  FOLLOWS  THAT  A  POLICY  DOCUMENT  OR 
REGULATION  WILL  BE  NEEDED  FOR  GOVERNMENT  USE. 

THE  MILITARY  PRIME  STANDARD  WILL  OUTLINE  HOW  THE  MASTER  PLAN  IS  TO 
ADDRESS  INTEGRITY  DESIGN  REQUIREMENTS  AND  HOW  THESE  REQUIREMENTS 
ARE  TO  BE  CONSIDERED  DURING  DESIGN,  DEVELOPMENT  AND  MANUFACTURING. 

THE  DESIGN  REQUIREMENTS  ARE  TO  BE  SPECIFIED  IN  THE  SYSTEM  SPECIFICA¬ 
TION  OR  STATEMENT  OF  WORK  ALONG  WITH  THE  ENVIRONMENT  USAGE  CONSTRAINTS 
THAT  MUST  BE  USED  IN  DESIGNING  FOR  INTEGRITY.  THE  MASTER  PLAN  THEN 
SERVES  AS  GUIDANCE  FOR  BOTH  GOVERNMENT  AND  THE  MANUFACTURER  FOR 
ASSESSING  PROGRESS  AT  DESIGN  REVIEWS. 

VUGRAPH  4 

WE  WANT  TO  ACHIEVE  A  BALANCE  IN  THE  AVIONICS  DESIGN  OF  COST,  PER¬ 
FORMANCE,  SCHEDULE  AND  INTEGRITY.  WE  MUST  EMPHASIZE  THIS  BALANCE 
EARLY  m  FOLLOW  THROUGH  THE  ACQUISITION  CYCLE. 

VUGRAPH  5 

OUR  OBJECTIVE  IS  TO  IMPROVE  AVIONICS  INTEGRITY  BY  ESTABLISHING 
REALISTIC,  LIFETI-  AND  DURABILITY  REQUIREMENTS  AND  ALLOW  INDUSTRY 
THE  FLEXIBILITY  TO  RESPOND  TO  OUR  REQUIREMENTS  WITH  A  RATIONAL 
PLAN  SUPPORTED  WITH  STUDIES  AND  ANALYSES  TO  ACCOMPLISH  A  DESIGN 
AND  PRODUCT  WITH  INTEGRITY. 


VUGRAPH  5  (BOTTOM  PICTURE) 

OUR  IMPLEMENTATION  STRATEGY  IS  AS  PICTURED  AT  THE  BOTTOM  OF  THE 
VUGRAPH.  THE  INTEGRITY  PROGRAM  SERVES  TO  ESTABLISH  THE  TECHNICAL 
APPROACH  AND  PLAN  FOR  ACHIEVING  INTEGRITY.  THIS  MUST  BE  COUPLED 
WITH  A  BUSINESS  STRATEGY  THAT  IS  ORIENTED  TOWARD  PROVIDING  CONTRACTS 
WITH  INCENTIVES  TO  THE  MANUFACTURER. 


2/2 


'*0-0131  922 
UNCLASSIFIED 


AVIONICS  INTEGRITY  ISSUES  PRESENTED  DURING  NAECON 
(NATIONAL  AEROSPACE  AND  ELECTRONICS  CONVENTION)  1984 
<U)  AERONAUTICAL  SVSTENS  DIV  NRIGHT-PATTERSON  AFB  OH 
H  C  FORTNR  DEC  84  ASD-TR-84-3028  F/G  9/5  NL 


AFSC/ASD  POLICY/REGULATION 


METHOD 


THE  APPROACH  TAKEN  IN  THE  MASTER  PLAN  MUST  REPRESENT  A 
REALISTIC  BALANCE  OF  CONSTRAINTS: 


CONCLUSION 


-  IMPROVE  AVIONICS  INTEGRITY  - 


•  APPROACH:  DETERMINISTIC  PHILOSOPHY 

«  DURABILITY 

•  CONTROL:  SERIES  OF  ACTIVITIES 

•  STRESS  ANALYSIS 

•  DESIGN  TO  STRESS 

•  METHOD:  MASTER  PLAN 

•  DESIGN  CRITERIA 

•  TOOLS 
DESIGN  REVIEWS 


AVIP 

DESIGN  CRITERIA 
TECHNICAL  TOOLS 


IMPLEMENTATION  STRATEGY 


BUSINESS 

CONTRACTS,  INCENTIVES 
&  WARRANTIES 


After  his  remarks,  Mr.  Ludwig  introduced  the  panel  members  listed  below. 

He  gave  Mr.  Fenter,  Or.  Mayer,  and  Mr.  Tewksbury  an  opportunity  to  make 

comments  about  what  their  particular  AFYAL  laboratory  is  doing  in  relation  to 

the  Avionics  Integrity  Program.  Mr.  Ludwig  then  opened  the  floor  to  questions 

from  the  audience.  He  and  the  panelists  were  available  to  answer  these  questions 

Dr.  Joseph  L.  Capitano,  Gould  Defense  Systems, Inc 

Mr.  John  Devaney,  Hi  Rel  Laboratories 

Mr.  Donald  E.  Dewey,  Boeing  Military  Airplane  Co. 

Mr.  John  R.  Fenter,  AFWAL/MLTE 

Mr.  John  Gregory,  Westinghouse  Defense  and  Electronics  Center 
Dr.  John  Halpin,  ASD/EN(PA) 

Mr.  Ed  Koenig,  WRALC.MAIE 

Dr.  Hylan  B.  Lyon,  Jr. ,  Texas  Instruments  Corp. 

Mr.  C.E  (Neil)  Mandel,  Jr.,  Hughes  Aircraft  Company 

Dr.  Arnold  Mayer,  AFWAL/FIE 

Dr.  AJay  Sharma,  IBM 

Mr.  Alan  Tewksbury,  AFWAL/AADE-2 

Mr.  Lou  Urban,  ASD/AZ 

Col  Dalton  Wlrtenan,  Defense  Electronics  Supply  Center  DESC-E 

To  reflect  the  essence  of  this  discussion  period,  key  questions  and 
replies  are  paraphrased  below. 

Please  do  not  interpret  these  notes  as  quotes. 

The  first  question,  by  Mr.  Phil  Klass  of  Aviation  Week,  was:  Are  you 
thinking  of  applying  your  program  to  a  product  already  being  manufactured,  to 
a  product  Just  starting  to  be  manufactured  or  are  you  looking  to  apply  your 
program  to  an  advanced  development  program?  Or  do  you  hope  to  apply  it 
to  everything  from  advanced  development  to  production? 

Gary  Ludwig's  response:  We  do  not  expect  to  apply  A7IP  to  programs  which 
are  well  underway.  We  are  not  really  prepared  to  contractually  do  that.  We 
have  been  talking  very  seriously  to  the  ATF  Program  Office  and  are  looking 
ahead  to  when  that  effort  goes  into  full-scale  development.  We  have  also 
looked  at  some  subsystems  and  LRU's  which  are  coming  up  for  procurement  over 
the  next  couple  of  years  where  we  can  try  these  techniques  and  the  contractual 
vehicles  which  might  capture  them. 

Mr.  Ed  Trumpeter  of  Trumpeter  Electronics,  Ino  made  the  following 


Mr.  Ed  Trumpeter  of  Trumpeter  Electronics,  Inc  made  the  following 
comments.  ASD  and  DESC  are  not  living  in  the  real  world.  It  (the  acquisition 
process)  just  doesn't  happen  the  way  you  would  like  it  to  happen.  There  are 
people  under  you  doing  things  completely  in  violation  of  what  you  are  trying  to 
do.  In  ASD  they  are  violating  those  specs  all  over  the  place.  All  DESC  does 
is  warehouse  and  distribute  parts.  Parts,  in  particular  some  of  my  company's 
parts,  are  being  counterfeited. 

Gary  Ludwig's  response:  I  don't  disagree  with  your  comments,  but  our 
program  assumes  that  integrity  exists  in  the  contractual  relationship,  and  that 
there's  enough  enforcement  built-in  to  try  to  maintain  that  integrity  and  keep 
the  honest,  honest.  Clearly,  if  there  are  proveable  cases  of  fraud, 
counterfeiting,  or  whatever  they  ought  to  be  addressed  in  our  legal  system. 

A  gentleman  from  McDonnell  Aircraft  Company  made  the  following  comments. 
You  briefly  mentioned  that  industry,  while  reviewing  the  first  draft  of  the 
MIL-STD  objected  to  the  amount  of  paperwork  involved.  From  what  I  have  heard 
you  have  not  satisfied  this  objection.  It  appears  that  if  a  contractor  says 
they  will  meet  the  requirements  of  reliability,  durability,  maintainability  and 
all  the  other  measurable  parameters  they  still  have  to  meet  the  requirements  of 
the  AVIP.  This  is  what  industry  is  objecting  to.  It  is  not  just  the  quality 
of  the  product  they  will  be  measured  on  but  also  the  quality  of  the  plan  which 
they  submit  with  the  RFP. 

Mr.  Ludwig's  response:  We  don't  want  more  plans.  We  are  trying  to 
respond  to  ALL  the  comments  we  received  in  that  first  draft.  I  don't  think  you 
could  have  honestly  reached  your  conclusion  from  the  few  comments  you  have 
heard  today  about  the  next  draft  of  our  MIL-PRIME-STD.  I  would  like  you  to 
read  this  next  draft  before  you  make  your  judgments.  We  are  talking  about  one 
plan  which  will  incorporate  many  others  and  replace  others. 

Mr.  Dewey's  response:  When  we  read  the  first  draft  of  the  AVIP  MIL-STD, 


it  looked  to  us  as  though  we  would  have  to  have  about  20  people  sitting  off  to 
the  side  in  order  to  respond  to  the  requirements  of  the  AVIP.  Many  in  industry 
had  similar  comments.  These  comments  were  taken  to  heart.  The  way  it  is  being 
handled  now  is  in  a  tailoring  process.  This  is  what  was  recommended  and  this 
is  what  is  going  to  be  done  so  that  the  existing  processes  (paperwork)  stay 
untouched,  but  they  are  integrated  and  they  are  put  into  a  total  package  form 
by  an  umbrella  type  of  a  master  plan.  There  are  many  of  us  now  in  industry  who 
are  saying  this  is  an  excellent  thing  to  do. 

If  it  (AVIP)  is  implemented  properly  (that  is  tailored  properly)  it  does 
not  have  to  cost  an  arm  and  a  leg  yet  it  will  identify  the  problems  so  that  we 
get  the  best  product  out.  However,  IF,  in  the  contractual  arrangement  things 
do  get  out  of  hand  and  there  are  too  many  additional  requirements  on  top  of  the 
master  plan  then  I  will  swing  back  very  strongly  into  your  camp. 


Avionics  Integrity  Program  Tutorial  Notes 

The  Avionics  Integrity  Program  Tutorial  was  held  on  Monday  afternoon.  May 
21,  1984.  The  participating  lecturers  for  the  tutorial  are  listed  on  page  96. 
This  tutorial  covers  the  many  facets  of  integrity  (thermal  management, 
corrosion  control,  failure  diagnosis,  environmental  stress  screening,  combined 
environmental  reliability  test,  and  logistics  support  analysis)  and  how  they 
are  incorporated  in  the  Avionics  Integrity  Program. 
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AVIONICS  INTEGRITY  PROGRAM  TUTORIAL 


NAECON  '84 
MONDAY,  21  MAY  84 


Introduction 

Mr.  John  Price 
(ASD/ENAS) 

AVIP  Program 

Major  Lee  F.  Cheshire 

Mr.  Thomas  J.  Dickman 
(ASD/ENAS) 

Videotape 

Mr.  Dave  S.  Steinberg 
(Litton) 

Videotape 

Mr.  Willis  J.  Willoughby,  Jr 
(NAVMAT  06) 

Thermal  Management 

Mr.  Robert  L.  Berger 
(ASD/YYEF) 

Corrosion  Control 

Mr.  John  Kaufhold 
(ASD/ENAS) 

Failure  Diagnosis 

Dr.  Bill  Dobbs 
(AFWAL/MLSA) 

Environmental  Stress  Screening 
of  Electronic  Hardware 

Mr.  Phillip  H.  Hermes 
(ASD/YYEI) 

Videotape 

Mr.  Joseph  L.  Capitano 
(Gould,  Inc.) 

Combined  Environment 
Test  (CERT) 

Reliability 

Dr.  Alan  Burkhard 
(AFWAL/FIEE) 

Logistics  Support  Analysis  (LSA) 

Mr.  Kenneth  L.  Morris 
(AFALC/PTA) 

Dr.  Alan  Burkhard  la  Che  Technical  Manager  of  the  Combined  Environments  Test 
Group  of  the  Air  Force  Wright  Aeronautical  Laboratories'  Flight  Dynamics 
Laboratory.  In  this  capacity  he  is  responsible  for  the  technical  direction 
and  content  of  MIL- STD- 810,  the  trl-servlce  coordinated  environmental  testing 
methods  document.  He  was  the  Technical  Program  Director  of  the  extensive  R&D 
effort  which  developed  Combined  Environments  Reliability  Test  (CERT)  into  a 
useful  acquisition  test  technology.  Dr.  Burkhard  has  authored  over  15  tech¬ 
nical  papers  and  open  literature  reports  concerning  environmental  reliability 
design  and  test  criteria. 


Robert  L.  Berger  is  currently  Chief  of  the  Flight  Systems  Division,  Deputy 
for  Strategic  Systems  which  is  responsible  for  the  Air  Launched  Cruise  Missile 
(ALCM) ,  the  Advanced  Cruise  Missile  (ACM) ,  the  F-lll  Avionics  Modernization 
Program  (AMP),  various  B-52  modernization  programs  and  the  Advanced  Air  to 
Surface  Missile  (AASM) .  Mr.  Berger  initiated  the  Thermal  Management  Program 
within  the  Aeronautical  Systems  Division  and  has  written  two  published  papers 
on  the  topic:  "A  Systems  Approach  -  Minimizing  Avionics  Life  Cycle  Cost," 
presented  at  the  13th  Intersociety  Conference  on  Environmental  Systems  in 
July  1983,  and  "Electronic  Equipment  Thermal  Management,"  presented  at  the 
1984  Reliability  and  Maintainability  Symposium  in  January  1984. 

Mr.  Berger  graduated  from  Ohio  University  (BSME)  in  1967,  the  University  of 
Dayton  (MSEM)  in  1972,  and  the  Air  War  College  Seminar  Program  in  1977.  He 
is  a  member  of  AIAA  and  a  registered  Professional  Engineer  in  the  State  of 
Ohio. 


s 

Major  Lee  F.  Cheshire  (USAF)  is  currently  assigned  to  AFSC/ASD,  more  specifically 
to  the  Directorate  of  Avionics  Engineering,  where  he  has  managed  the  Avionics 
Integrity  Program  since  November  of  1982.  Previously  he  was  assigned  to  the 
Controls  and  Displays  Branch  of  ENAS  for  8  months.  He  has  a  BSEE  from  the 
University  of  Virginia  (1970)  and  an  MS  in  Aeronautical  Systems  Engineering 
from  the  University  of  West  Florida  (1972).  Major  Cheshire  is  a  certified 
private  pilot  with  an  instrument  certificate.  Since  being  stationed  at 
Wright-Patterson  Air  Force  Base,  he  has  worked  on  such  projects  as  the  HH-60D 
Nighthawk  Source  Selection,  Advanced  Tactical  Fighter,  standard  fiber  optics 
data  bus,  and  avionics  architecture  handbook.  He  is  now  a  lead  engineer  and 
manager  for  ENAS,  working  to  develop  and  promote  the  Avionics  Integrity  Program. 


Major  Cheshire  was  bora  at  Bolling  Air  Force  Base,  Washington  DC,  and  is  married 
to  the  former  Anne  D.  Myers  of  Alexandria,  VA.  They  have  two  sons. 


Joseph  L.  Capitano,  P.E. ,  Director  of  Quality  Assurance,  has  been  with  Gould 
since  1972.  Far  five  years  he  managed  and  was  responsible  for  failure  diagnostic 
analysis  of  all  ccnponents  as  well  as  vendor  approval  and  selection.  He  also 
functioned  as  a  Technical  Subcontracts  Administrator  under  the  direction  of  the 
Director  of  Purchasing.  He  has  been  in  his  present  position  for  over  four  years. 
Prior  to  joining  tenCoro,  he  held  the  positions  of  Quality  Manager  for  several  . 
snail  aerospace  ccnpanies.  He  also  has  been  a  Quality  Engineer,  Chief  Failure 
Analysis  Engineer,  Test  Manager,  and  Hybrid  Quality  Engineer.  He  has  over  20 
years  in  aerospace  Quality  Engineering  and  related  functions.  Prior  to  entering 
the  quality  field,  he  was  a  Design  Engineer  in  the  fields  of  power  stpplies, 
radiation  detection  equipment,  and  ccrputer  logic  design.  Mr.  Capitano  is 
currently  teaching  credited  Quality  Assurance  advanced  courses  at  Rio  Hondo 
College,  and  has  done  so  for  the  past  four  years.  He  has  recently  conpleted 
work  on  a  PhD. 


Mr.  Thomas  Dickman  is  currently  assigned  to  the  Directorate  of  Avionics 
Engineering  where  he  has  been  defining,  developing,  and  promoting  the  Avionics 
Integrity  Program  since  January  1983.  He  currently  serves  as  a  lead  engineer 
in  the  AvlonlCB  Systems  Division  where  he  is  technical  head  of  the  Avionics 
Integrity  Program.  Since  coming  to  Wright-Pat terson  AFB  in  1968,  he  served 
as  project  engineer  responsible  for  the  development  of  air  data  computers. 

He  has  written  and  presented  several  papers  advocating  the  development  of  the 
Standard  Central  Air  Data  Computer.  He  has  authored  several  articles  and 
papers  advocating  the  Avionics  Integrity  Program.  In  1980,  Mr.  Dickman  was 
assigned  to  the  Deputy  for  Tactical  Systems  as  lead  avionics  engineer  for  the 
A- 10  Weapon  System.  Mr.  Dickman  received  a  BSEE  degree  from  the  University 
of  Cincinnati  in  1968.  In  1974,  he  received  a  Master  of  Science  degree  in 
Engineering  Management  from  the  University  of  Dayton.  Mr.  Dickman  is  a 
registered  Professional  Engineer  in  the  State  of  Ohio. 


Dr.  Bill  Dobbs  is  employed  at  the  Air  Force  Wright  Aeronautical  Laboratories/ 
Materials  Laboratory  at  Wrlght-Patterson  AFB,  OH.  He  has  lectured  extensively 
on  electronic  materials  and  manufacturing  processes  associated  with  electronic 
device  failure.  Dr.  Dobbs  established  and  organized  the  Systems  Support  Divi¬ 
sion’s  Electronic  Failure  Analysis  Group  at  the  Materials  Laboratory  in  1977. 
He  received  his  Ph.D.  in  Physics  from  the  University  of  Missouri  at  Columbia 
in  1971  and  has  research  and  teaching  experience  from  three  post-doctoral 
fellowships.  He  has  made  numerous  presentations  and  has  published  extensively' 
in  scientific  journals. 


Phillip  H.  Hermes  is  currently  the  Deputy  for  Strategic  Systems  (YY)  Lead 
Engineer  for  Product  Assurance.  He  provides  program  support  in  reliability, 
maintainability,  parts  control,  produclbillty,  and  value  engineering.  In 
the  past,  Mr.  Hermes  has  worked  in  the  areas  of  aircraft  vibration,  acoustics 
and  shock.  The  programs  he  has  supported  are  the  P-15,  F-16  and  B-52  Constant 
Speed  Drive.  From  1980-81,  he  was  a  member  of  the  National  Committee  on  Environ 
mental  Stress  Screening,  sponsored  by  the  Institute  of  Environmental  Sciences.* 

Hr.  Hermes  graduated  from  Bellarmine  College  (BA  Hath)  in  1957,  the  University 
of  Detroit  (BSME)  in  1960,  and  the  Air  Force  Institute  of  Technology  (MS  System 
Engineering)  in  1974. 


After  joining  the  Aeronautical  Systems  Division  in  1970,  John  Kaufhold 
specialized  in  system  safety,  systems  and  materials  engineering,  and- corrosion 
control  on  mobile  shelterized  reconnaissance/strike  system  ground  stations  for 
over  12  years.  As  a  member  of  the  Avionics  Integrity  Program  Office,  he  is 
responsible  for  the  development  and  integration  of  system  safety  and  corrosion 
control  requirements  for  the  Avionics  Integrity  HIL-PRIME  Standard. 

Mr.  Kaufhold  received  a  Bachelor  of  Science  degree  in  Chemistry  in  1969  from 
the  University  of  Cincinnati.  He  is  a  member  of  the  System  Safety  Society 
and  the  National  Association  of  Corrosion  Engineers. 


Kenneth  L.  Morris  is  a  Logistics  Management  Specialist  in  the  Directorate  of 
Logistics  Support  Analysis,  Air  Force  Acquisition  Logistics  Center  at  Wright- 
Patteraon  Air  Force  Base,  Ohio.  In  1979  he  directed  the  study  to  determine 
the  course  of  action  the  Air  Force  would  take  in  implementing  LSA.  His  final 
report  and  recommendations  was  the  foundation  for  the  Air  Force  LSA  development 
program.  He  served  as  the  AFLC  representative  to  the  AFLC/AFSC  steering  group 
established  to  direct  the  LSA  implementation  program  and  was  also  a  member  of  * 
the  OSD-sponsored  Joint  Service/Industry  Work  Group  that  rewrote  MIL-STD-1388. 
With  the  formal  publication  of  the  MIL-STD,  Mr.  Morris’  principal  function  has 
been  to  act  as  a  consultant  to  Program  Offices  implementing  LSA  on  acquisition 
programs. 


Dave  S.  Steinberg  is  the  Manager  of  the  Mechanical  Engineering  Design  Analysis 
Section  at  Litton  Guidance  &  Control  Systems,  in  Woodland  Hills,  California. 

He  is  a  Registered  Professional  Engineer  in  New  York,  New  Jersey  and  Michigan, 
and  the  author  of  more  than  20  published  articles  on  Electronic  Packaging.  In 
addition,  Mr.  Steinberg  is  the  author  of  two  textbooks,  "Vibration  Analysis 
for  Electronic  Equipment"  and  "Cooling  Techniques  for  Electronic  Equipment" 
which  are  published  by  John  Wiley  &  Sons,  in  New  York. 

Mr.  Steinberg  received  his  B.S.  Degree  in  Mechanical  Engineering  from  the 
Illinois  Institute  of  Technology  in  1948.  He  is  a  visiting  Professor  at  the 
University  of  Wisoonsin-Extension,  where  he  has  been  presenting  a  series  of 
short  courses  on  vibration  and  cooling  of  electronic  equipment  for  the  past 
6  years. 


At  the  request  of  Admiral  Isaac  Kidd,  Chief  of  Naval  Material,  Mr.  Willis  J. 
Willoughby  came  to  the  Headquarters  Naval  Material  Carmand  as  the  Director 
of  the  Reliability  and  Maintainability  Directorate  in  1973.  Prior  to  "joining" 
the  Navy,  Mr.  Willoughby  was  the  Director  of  Apollo  Reliability,  Quality  and 
Safety  for  the  National  Aeronautics  and  Space  Administration's  Office  of  Manned 
Space  Flight,  Apollo  Program  Office. 

Mr.  Willoughby  earned  a  BSME  in  1952  from  the  University  of  South  Carolina. 

His  awards  include  the 

*  President's  Meritorious  Executive  Award 

*  NASA  Exceptional  Service  Medal 

*  Navy  Distinguished  Civilian  Service  Award 

*  Apollo  Group  Achievement  Award 

*  Aerospace  Industries  Association  (AIA)  Distinguished  Colleague  Award 

*  Aeronautical  Institute  of  Aeronautics  and  Astronautics  (AIAA)  Systems 
Effectiveness  and  Safety  Award 

*  Institute  of  Environmental  Science  (IES)  Reliability  Test  and  Evaluation 
Award 

*  Society  of  Logistics  Engineers  (SOLE)  logistics  Award 


Mr.  Willoughby  was  bom  in  Columbia,  and  is  married  to  the  former  Mary  J.  Lloyd. 
They  have  two  sens  and  one  daughter. 


The  videotape  you  are  about  to  see  is  an  Introduction  Lt  Gen  T  H  McMullen,  ASD 
Commander  prepared  for  the  videotape  *A  New  Dimension  In  Weapon  Systems  Design*, 
which  stars  Gen  Robert  T.  Marsh,  Commander,  Air  force  Systems  Command,  Gen  Billy  M. 
Mintcr,  Commander,  united  States  Air  Force  Europe,  and  Gen  James  Mullins, 
Commander,  Air  Force  Logistics  command.  Several  of  Gen  McMullen's  comments  refer 
to  the  film  and  his  overall  message  is  clear.  The  Avionic  Integrity  Program  and 
NAECON’s  theme  this  year  address  these  issues.  Here  is  the  script  for  the 
videotape. 


The  message  you  are  about  to  see  is  an  important  one.  Its  about  logistics  and 
suppo r tabi 1 i ty  and  availability  of  weapons  systems,  but  its  not  directed  at  the 
people  we  normally  think  of  in  those  areas,  its  aimed  right  at  us  -  here  in  ASD. 
It  talks  about  our  business,  technology,  and  system  acquisition,  but  not  from  the 
perspective  we  historically  emphasize  -  how  fast,  how  high,  how  far.  It  talks  of 
the  importance  of  having  machines  that  are  available  to  show  their  stuff  rather 
than  sitting  somewhere  on  jacks  leaking  hydraulic  oil.  its  not  a  new  idea,  what 
is  new  is  a  matter  of  emphasis.  The  interest  in  addressing  these  issues  early,  of 
building  in  this  capability  rather  than  trying  to  force  it  in  afterward,  as  you'll 
see  there  are  several  spokesmen  who  develop  this  theme.  The  principle  ones  though 
are  Gen  Marsh,  our  boss,  Gen  Minter,  who  is  squarely  facing  our  potential  enemy  as 
the  commander  in  Europe,  and  Gen  Mullins,  whose  command  suports  the  systems  we 
field.  We  at  ASD  are  major  players  in  this  important  subject. 


as  Systems  Command's  principal  acquisition  organization,  we  need  to  focus  our 
attention  toward  more  available  weapon  systems.  The  message  is  simple:  it  is  our 
job  to  see  the  systems  we  acquire  -  the  fighters,  the  bombers,  the  missiles,  in 
fact  all  the  aeronautical  equipment  we  provide  -  are  designed,  developed,  manufac¬ 
tured,  and  fielded  with  the  support  needed  to  provide  the  combat  troops  the  oppor¬ 
tunity  to  be  a  credible  deterrent  force,*  or  failing  that,  a  force  that  will  win  no 
matter  what  the  environment. 

Now,  here  at  ASD,  we're  taking  beginning  steps  to  Increase  attention  to  the 
importance  suppor tabil i ty  and  sustainability  play  in  specifying  both  hardware  and 
software.  It  all  has  to  begin  in  the  important  work  done  in  our  labs  where  so  much 
of  our  technology  begins.  As  you'll  see,  Keith  Collier  has  some  things  to  say  from 
that  aspect. 

But  the  consciousness  must  grow  as  the  system  takes  shape.  We  all  know  that 
fielding  supported  systems  requires  discipline  in  both  our  design  and  manufacturing 
process.  Our  systems  have  to  be  developed  so  they're  consistent  with  the  support 
concepts  and  requirements  of  both  the  operating  and  supporting  community.  To  help 
provide  that  orientation  and  to  help  with  the  policy  necessary  to  increase  our 
emphasis  on  a  supported  system,  we  have  two  fairly  new  organizations  at  ASD. 
First,  in  the  Deputy  for  Engineering,  the  ASD  Product  Assurance  Office  now  headed' 
by  Dr.  John  Halpin.  its  chartered  to  help  our  focus  on  reliability,  maintain¬ 
ability  and  quality  in  design  and  manufacturing.  I've  also  established  the  Deputy 
for  Acquisition  Logistics  under  Colonel  Dave  Casey,  to  exercise  management  over¬ 
sight  of  ASD  acquisition  logistics  functions  and  activities. 

While  these  two  organizations  are  fundamental  to  ocr  institutional  approach  to 
these  areas,  as  always,  the  place  where  lt  happens  is  **  :ur  program  offices,  where 
the  program  director  has  the  responsibility  for  how  do  or  don't  do  our  work  in 
tnls  particular  area  as  elsewhere.  The  challenge  we  race  requires  not  more  work 
but  smarter  work  from  all  of  us.  It  requires  that  we  increase  our  knowledge  and 
involvement  in  ensuring  that  availability  in  all  its  subsets  -  like  readiness 
suppor tab i 1 1 ty  and  sustainability  -  are  integrated  into  the  right  aspect  of  our 
acquisition  program. 

i^ivde"t<ly,W«<hfVe  inicuiated  such  ef£orts  right  on  the  ground  floor  in  the 
advanced  tactical  fighter.  There,  we  have  a  chance  to  back  off  and  run  at  it  from 
the  start.  But  we  can't  limit  this  new  enthusiasm  to  just  new  starts  or  programs 
whose  development  cycle  is  out  in  the  future.  We  have  shown  we  can  do  it  in  lots 
of  ways.  Probably,  our  best  example  is  the  Alternate  Fighter  Engine  Program. 
Their  innovative  management  and  dedication  and  leadership  all  teamed  up  to  give  us 
lighter  engines  that  will  spend  lots  more  of  their  lifetime  propelling  airplanes 
rather  than  in  the  engine  shop. 


But  we  just  have  to  do  more,  we  have  to  do  lt  with  all  our  programs  -  now 
we  must  turn  all  our  programs  toward,  and  where  it's  clearly  not  too  late,  int 

L%UPP°rted  rhe.n  we  turn  them  over  to  the  user.  This  film  clearl 
highlights  that  support  isn  t  something  we  add  on  to  our  systems.  It's  an  inteqra 
part  of  the  design  and  manufacture  of  the  hardware.  It  requires  the  appropriat 
be  committed  to  providing  the  right  level  of  support  and  we  must  have  th 
say  on  how  that  goes.  I  suggest  you  pay  careful  attention  to  the  story  thes- 
cnree  leaders  unfold.  1 


AVIONICS  IHTEGRRY  PROGRAM  (AVIP) 


•  BACKGROUND 

•  DURABILITY 

•  ACTIVITIES 

•  PROGRAM 


•  CONCLUSION 


AflOKICS  REALITIES 


•  PERFQRMANCE/TECHNOlQGY  DRIVEN 


•  TECHNOLOGY  RAPIDLY  ADVANCING 


•  EXPANDING  ROLE 


MISSION  ESSENTIAL 


•  SAFETY-CFFUGHT 


•  RELIABILITY  INCREASING  (PART  LEVEL) 


•  COMPLEXITY  INCREASING 


QUANTITY  INCREASING 


•  CONSTRAINED  MANPOWER  AND  LOGISTICS 
SUPPORT  ENVIRONMENT 


MMIIMIAQ  ORA|  FTIW 


This  tutorial  will  first  provide  a 
background  of  ASD's  Avionics  Integrity 
Program  (AVIP)  and  its  development 
from  the  Aircraft  and  Engine 
Structural  integrity  programs.  Next, 
the  technical  perspective  and 
philosophy  of  durability  will  be 
discussed.  Then  the  acquisition 
activities  necessary  to  achieve 
integrity  of  hardware  will  be 
discussed  in  detail.  Guest  speakers 
will  be  phased  into  the  tutorial  as  we 
develop  the  AVIP  process.  Finally, 
the  status  of  the  AVIP  program  will  be 
provided. 


TMC  CLAMING  AVIONICS  *f OUMCMCfTT  • 


Avionics  are  being  driven  by  perform¬ 
ance  and  technology  and  are  expanding 
into  mission  essential  roles  such  as 
electronic  warfare  and  weapon  manage¬ 
ment  systems  and  sa fe ty-of-f light 
roles  such  as  flight  and  engine  con¬ 
trols.  Reliability  may  be  increasing 
at  the  part  level  but  increasing 
complexity  and  quantities  decrease 
system  reliability  and  burden  the 
logistics  support  environment.  The 
exponential  Increase  in  words  of 
onboard  memory  exemplifies  the 
situation . 
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*  AM  POHCC  MAOAZtME/JUlT  IMS 
"WHAT  TM|  COMNmtl  HATH  W  A  OUGHT" 


PERCEPTIONS  OF  ACQUISITION  POLICIES 


•  FUTURE  SYSTEMS  MUST  IMPROVE  IN  THE  FOLLOWING  AREAS: 


•  RELIABILITY  *  MAINTAINABILITY 

.‘.tty 

•  MANUFACTURING  OUALITY  -  f$. 

7/  '  “ 

•  ECONOMIC  LIFETIME  ^  ,—^7- 

•  ENVIRONMENT  DEFINITION 

•  DISCIPLINED  ENGINEERING  MANAGEMENT 


•  POSSIBLE  RESULTS 


IMPROVEO  AVAILABILITY 
READINESS  TO  FIGHT 


logistics  requirements 


optimum  life  CYCLE  COST 


STRUCTURAL.  MTEGATTY 


ASD  APPROACH 


AVIONICS  INTEGRITY 
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engine  integrity 


CHARACTERISTICS 
•  DURABILITY 


•  MAINT  AJNABRJTY 
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CERAMIC 

CHIP 

CARRIER 


EPOXY  GLASS 
BOARD 


THERMAL  COEFFICIENTS  OF  EXPANSION 


In  order  to  meet  these  realities  we 
need  to  improve  the  reliability  and 
maintainability,  manufacturing 
quality,  economic  lifetime,  and 
environment  definition  of  our 
hardware.  These,  along  with  a 
disciplined  engineering  management 
approach  should  lead  us  to  improved 
readiness  with  reduced  life  cycle 
cost. 
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In  ch.  put  ASD  .staDllsh.il  th. 
Aircraft  structure  integrity  Program 
(ASIP)  and  the  Engine  Structure 
Integrity  program  (ENSIP)  to  improve 
the  quality  of  these  key  airplane 
elements.  The  ASIP  began  in  the  late 
19S0's  because  of  a  wing  cracking 
problem  on  the  B-47.  There  were  two 
basic  proolems:  there  was  a  need  for 
Improved  design  criteria  and  selection 
of  materials  for  wings  and  enere  was  a 
need  for  improved  manuf actur ing  tech¬ 
niques  and  better  control  of  the  manu¬ 
facturing  process.  The  late  60*»  and 
early  70's  saw  an  improved  ASIP  with 
the  advent  of  fracture  mechanics  and 
the  analysis  of  crack  growth  on  the 
wJngj  to  the  point  where  a  wing's 
lifetime  could  be  more  accurately 
determined  based  on  the  usage  of  the 
wing.  Today,  virtually  all  USAF 
aircraft  are  using  ASIP  and  the 
commercial  industry  is  applying  the 
same  principles  to  their  aircraft. 
The  ENSIP  began  in  1970's  and  applied 
similar  concepts  to  improving  the 
integrity  of  aircraft  engines.  The 
realities  of  avionics  has  led  us  to 
the  Avionics  Integrity  Program  where 
we  are  presently  addressing  hardware 
quality  (software  quality  will  be 
addressed  in  the  future)  by 
establishing  the  tools  and  criteria 
necessary  to  obtain  these 
characteristics  of  integrity:  dura¬ 
bility,  maintainability,  and  fault 
tolerance/saf ety . 


One  of  the  major  causes  of  failures  in 
avionics  is  the  differences  in  thermal 
coefficients  of  expansion  between 
various  components  of  electronic 
equipment.  This  is  a  graphic  example 
of  the  results  of  thermal  gradients  on 
a  chip  carrier  and  the  board  to  which 
it  is  soldered.  Avionics  designs  must 
be  able  to  tolerate  these  differences 
-  they  must  be  rugged  (durable). 


In  order  Co  explain  our  concept  of 
durability,  an  application  of  basic 
principles  of  the r modyna m 1 cs  to 
electronic  structures  Is  helpful. 
Differences  In  thermal  coefficients  of 
expansion  cause  mechanical  stresses  to 
be  set  up  at  the  interface  of  two 
materials  bonded  together.  These 
stresses  are  plotted  In  the  upper 
right  as  a  function  of  change  In 
length  of  the  bonded  pair  of  bars.  If 
we  heat  the  bars  to  the  point  where 
their  expansion  causes  the  Interface 
of  the  two  bars  to  rupture,  we  have 
reached  the  yield  strength  of  the 
joint.  Operational  or  field  stresses 
are  well  below  this  maximum  strength 
point.  Stress  screening  Is  Intended 
to  Insure  that  the  part  will  not  fall 
In  the  presence  of  field  stresses.  We 
introduce  stresses  greater  than  the 
parts  will  typically  experience  to 
precipitate  out  weak  joints.  In  the 
lower  right  we  recall  that  repeated 
stress  cycling  reduces  the  strength  of 
the  joint  and  that  time  to  failure  Is 
the  joint’s  fatigue  life.  In  the 
lower  left  we  are  reminded  that  there 
are  fatigue  factors  in  addition  to 
thermal  cycling  that  include  the  rate 
of  change  of  temperature  with  time  end 
vibration  cycling. 


fatigue  failures  can  occur  In  printed 
wiring  boards  as  well  as  In  the  elec¬ 
tronic  components  themselves.  The 
method  of  attaching  components  to 
printed  wiring  boards  and  the  fabrica¬ 
tion  of  the  boards  themselves  can 
create  potential  fatigue  points. 
Solder  joints  where  leads  are  mounted 
through  the  board  can  be  susceptible 
to  fatigue  failure.  The  complex 
multilayer  boards  have  many  fatigue 
failure  modes  caused  by  temperature 
cycling,  vibration  and  board  deflec¬ 
tion,  and  absorption  of  fluid  which 
causes  out  of  plane  expansion. 
Industry  Is  aware  of  these  factors  as 
indicated  by  the  number  of  articles  on 
the  subject  In  the  technical  litera¬ 
ture  . 


This  vlewgraph  characterizes  the 
effect  of  temperature  cycles  on  lead¬ 
less  chip  carriers.  The  designer  can 
control  the  lifetime  of  the  interface. 
This  will  be  explained  in  more  detail 
in  the  forthcoming  videotape. 


DURABILITY 


BOARD  DEFLECTIONS  ONE  SOURCE  OF  FATIGUE  FAILURES 
VWfUTOM  STRESS  0ES4GN  RULE 


BOARD  BENOMG 


The  Affect  of  vibration  on  printed 
circuit  boards  has  bean  studied  and 
thara  ara  ways  to  control  tha  lifa  of 
a  board  In  this  environment  as  Nr. 
David  Steinburg  will  show  us  In  tha 
following  videotape. 


M  -  MAXIMUM  ALLOWABLE  DEFLECTION 


IF  H  IS  NOT  EXCEEDED  THEN  ONE  CAN  EXPECT  10-?C  MILUON  EQUIVALENT 
RANDOM  VIBRATION  STRESS  CYCLES  BEFORE  FAILURE  * 
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MCKAGIRS  ELECTRONIC  EQUIPREST 
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ENVIRONMENTAL  INDUCED  FAILURES 
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•  Study  by  Grumman 

•Found  a  number  of  failures  occur  in 
avionics  equipment 

•  Greatest  number  of  failures  due  to 
temperature  (related  to  materials  - 
coefficients  of  expansion,  modules 
of  elasticity  -  not  junction  temper¬ 
atures)  and  temperature  cycling 

•  vibration  and  humidity  also 
accounted  for  a  large  percentage  of 
the  failures 


COST  TO  AIR  FORCE  •  $163  MILUON  /  YEAR 


w 


AVOID  FLUSH  MOUNTED  ELECTRON  I C  COMPONENTS 
THERMAL  EXPANSION  GENERATES  STRESSES  IN  SOIOER  JOINTS 
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EXPAN0IN6  COMPONENT 
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LEAD  HIRES-^nlirrtir 
LEAD  HIRES 


EXPANDING  PCS 


EXPLODED  VI  EH 


*  Temperature  cycling:  mismatch  of 
materials  (high  coefficients  of 
expansion,  high  modules  of 
elasticity,  low  strain  relief  or  no 
strain  relief)  ru suits  in  high 
stresses  in  solder  joint 

*  Failures  precipitated  by  temperature 
cycling,  coefficients  of  expansion 
and  high  moduli  of  elasticity 

*  Failures  show  up  in  vibration 
environment 

*  Typical  temperature  cycling:  3 
cycles/day 

*  Typical  vibration:  300  eye les/ second 


MOUNTING  TRANSFORMERS 


HAVE 

SOLOER 


1=4=4 


REFLOW 

LAP 

SOLDER 


*  To  reduce  failures  generated  in 
temperature  cycling:  provide  strain 
relief  for  component  lead  wires 

•  Example:  encapsulated  or  pottad 
modules  flush  mounted  to  curcult 
card  -  when  circuit  board  and  compo¬ 
nent  module  expand  there  is  no  place 
for  force  to  go  -  consequently, 
solder  joint  cracks 
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most  failures  are  due  to  a  severe  resonant  condition 


*  vibration  environment:  single 
biggest  cause  of  failure  Is 
development  of  a  severe  resonance 

*  Although  systems  are  very  complex, 
they  can  be  represented  by  a  single 
degree  of  freedom  system  fairly 
accurately 

*  when  systems  exhibit  a  resonance, 
can  have  transm i ssibi 1 i ty  of  50-100 

*  Therefore,  stresses  will  be  50-100 
times  greater  than  those  at  normal 
g-Loading 
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*  Vibration  invlronment :  second 

biggest  cause  o f  fallureis  stress 
concentrations 

*  Here  the  stress  riser  may  be  2  to  3 
or  maybe  even  4  -  no  where  near  the 
50  or  100  that  you  can  get  In  a 
resonant  condition 

*  Stress  concentrations  must  be 
examined  very  closely 

*  Insure  there  are  no  holes  In 
improperly  located  areas,  no  sharp 
corners  or  no  changes  In  cross 
sections 

*  Must  be  watched  carefully  to  reduce 
stresses  and  improve  fatigue  life  In 
various  dynamic  environments 


REDUCE  EAJLURE5  WITIT  THE  Utf  OF  THE  OCTAVE  RULE 


DOUBLE  THE  NATURAL  FREQUENCY  FOR  EYERY  ADDED  DESREE  OF  FREEDOM 


*  Systemas  multiple  degree  of  freedom 
system 

*  Chassis:  first  degree  of  freedom 

becauseit  receives  dynamic  energy 
first 

*  Circuit  cards:  usually  attached 

to  chass i 3, rece i ves  energy  second, 
represent  second  degree  of  freedom 

*  Should  be  no  coincident  resonances 
between  chassis  and  circuit  card 
because  transmissibi 1 i ties  multiply, 
l.e.,  chassis  Q»10,  circuit  card 
0*10,  circuit  card  receives 
0*10  X  10  -100 

*  We  must  be  able  to  design  circuit 
card  to  minimize  dynamic  stresses; 
that  means,  controlling  resonances 

*  We  have  to  live  w i th resonances 
because  it  isn't  possible  to  design 
a  resonant-free  system  for  up  to 
5000  cycles  (exciting  frequencies  up 
to  5000  cycles) 

*  Have  to  "tune*  the  system;  example: 
circuit  card  has  resonance  of  400 
HZ;  to  minimize  the  possibility  of 
coupling,  the  resonances  need  to  be 
separated  by  an  octave;  chassis 
resonance  will  be  200  Hz  (vibration 
environment) 

*  Shock  environment  opposite  end  of 
spectrum;  example:  if  curcuit  card 
has  resonance  of  400  Hz,  by  the 
reverse  octave  rule  the  chassis 
resonance  will  be  800  Hz 


MOUNT IN6  LARGE  COMPONENTS 


•  40  pin  DIP,  2  inches  long,  mounted 
at  the  center  of  the  circuit  card 

•  As  the  circuit  card  stresses  during 
resonant  condition  there  is  a  large 
amount  of  strain  in  the  lead  wires 

•  In  a  10-g  random  vibration  environ¬ 
ment,*  40  pin  DIP  on  a  6  inch  X  9 
inch  circuit  card  will  typically 
last  50-60  seconds 
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FAILURES  OCCUR  II  COMPOHEBT  IE AO  WIRES  AID  SOIOCR  JOIRTS 
CUE  TO  LARfif  OriARIC  OISPUCCtfltTS,  WITH  POOR  STRAIN  REllEf 


*  Discrete  components  (resistors, 
diodes,  etc.) 

*  will  exhibit  similar  characteristics 
to  the  40  pin  DIP  in  the  previous 
slide 

*  As  the  circuit  card  stresses, 
component  lead  wires  will  flex  and 
bend 

*  When  there's  enough  stress  and  a 
sufficient  number  of  fatigue  cycles, 
a  failure  will  occur 


DYNAMIC  EQUATIONS 

• 
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To  quantify  failures  and  determine 
how  systems  will  act 
To  determine  fatigue  life  In  various 
environments 

Simulate  complex  systems  as  a  single 
degree  of  freedom  system  (loses 
accuracy,  but  willing  to  sacrifice 
accuracy  tor  expediency) 

Analyslsis  accurate  enough  to  "keep 
us  out  of  trouble" 

When  the  system  has  fair  credibility 
for  mechanical  design,  "fine  tune" 
it  with  the  use  of  a  finite  element 
computer  program 

Theequa t ionsa re f o r ac i r cu i t  board 
The  first  equation  gives  the  root* 
mean  square  (RHS)  displacement  in 
the  random  vibration  environment: 
N0*  Is  the  number  of  positive  zero 
crossings 

The  secor.dL  equation  is  empirical 
equation  based  on  years  of  testing 
of  actual  hardware  and  obtaining 
failures  wltn  different  types  of 
environments;  need  to  keep  the  maxi¬ 
mum  dynamic  single  amplitude 
displacement  of  the  curcuit  board  to 
0.003b/L2  (b  is  the  length  of  the 
circuit  card  parallel  to  the  compo¬ 
nent,  L  is  the  length  of  the  compo¬ 
nent) 


the  third  equation  is  the  random  response  of  a  single  degree  of  freedom  system  that  we  are  using 
to  approximate  a  circuit  board:  D  is  the  power  spectral  density,  fr  is  the  natural  frequency  as 
though  it  is  subjected  to  a  sinusiodal  or  harmonic  motion,  Q  is  the  transmissibi li ty  experienced 
in  this  environment 

the  fourth  equation  says  that  for  a  plug-in  type  of  circuit  card,  a  good  approximation  or  tne 
transmissibi 1 ity  at  the  resonant  condition  is  the  square  root  of  the  natural  frequency  <9°od  -or 
frequencies  of  150-300  H2;  below  100  H2.  Q  is  about  0.7  of  the  natural  frequency  and  above  400  H2, 
0  is  1.2  or  1.3  times  the  square  root  of  the  natural  frequency) 

the  combination  of  these  equations  is  used  to  determine  the  natural  frequency  our  system  needs 
to  obtain  a  fatigue  life  of  10'  cycles 
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Equation  obtained  when  the  previous 
four  equations  are  combined 
Computes  desired  natural  frequency 
for  10  million  stress  reversals  in 
the  component  lead  wires 
Used  for  random  vibration 
applications 


1 1  i  1 1 1 1 1 1  m  i  — L 


PLUG  IN  PRINTED  CIRCUIT  SUNS  (PCS ) 


* 


9.3  (2) 


Ftt  ( 
</T  '■ 


91 1 


.301  (6.5) 


0.3 


f.  •  3*9  Hz 
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8.0  X  6.5  inch  circuit  card 
Components  parallel  to  6.5  inch  side 
of  circuit  card 

40  pin  Dual  In-line  package  (2  inch 
Long) 

Component  mounted  at  center  of 
circuit  card 

Assume  card  is  simply  supported  on 
four  edges;  connector  will  act  as  a 
hinge;  side  supports  are  typically 
hinges  unless  they  are  wedge  clamped 
(wedge  clamps  give  a  very  high 
mechanical  advantage  such  that  the 
boundary  conditions  are  more  hinged; 
the  ability  to  clamp  is  a  function 
of  frequency  -  the  higher  the 

_ nent  frequency,  the  less 

effective  the  wedge  clamp  becomes; 
with  frequency  of  150  to  300  lit 
range,  wedge  clamp  can  act  as  an 
effective  clamp) 


Compute  desired  natural  frequency  of 
arrangement  on  previous  viewgraph 
Use  power  spectral  density  of  0.04 
gVHz 

D  was  obtained  based  on  the  NAVMAT 
P-9492  stress  screening  test  (also 
known  as  the  Willoughby  screening 
test) 

Now  divide  by  .001  because  the  3 
sigma  acceleration  causes  mosc  of 
the  damage  and  must  be  considered; 
the  RMS  and  2  sigma  (2  X  RMS)  points 
do  little  damage 

A  desired  natural  frequency  of 
approximately  350  Ht  is  needed  to 
give  us  at  least  10  million  stress 
reversals  in  tne  lead  wires 


DURABILITY 


DEFINITION:  USEFUL  LIFE  -  ABILITY  OF  AVIONICS  TO  FUNCTION  AND 
SUSTAIN  STRESSES  IN  THE  ENVIRONMENT  WITH 
ECONOMICAL  MAINTENANCE 


STRESSES 

•  ELECTRICAL 

•  CHEMICAL 

•  MECHANICAL 

•  THERMAL 


ENVIRONMENT 

•  OPERATIONAL 

•  MAINTENANCE 

•  STORAGE 

•  SHIPPING 


MANUFACTURING 


MAINTENANCE 

•  TESTABILITY 

•  ACCESSIBILITY 

•  REPAIRASIUTY 

•  LOGISTICS 
SUPPORT  ABILITY 


Tha  definition  of  durability  la  9lvan 
hara  with  further  explanation  of  key 
worda  In  the  definition.  The  dealgn 
criteria  and  toola  neceaaary  to  obtain 
durability  are  also  listed  here. 


DESIGN  CRITERIA: 

•  FATIGUE  LIFE 

•  CORROSION  CONTROL 

•  THERMAL  MANAGEMENT 


•  STRESS  SCREENING 

•  STATISTICAL  OUAUTY  CONTROL 

•  STRESS  ANALYSIS 


DURABILITY 


DESIGN  FO# 
STRESS 


■  DERATE  \ 

PACKAGING.  ETC. ' 


0URA8IUTV  PREDICTION"* 
i  ANALYSIS 

•  TEMPERATURE 

•  VIBRATION 

•  HUMIDITY 


>jlONG  TERML 
FAILURES  I' 


J  - '  •  MECHANICAL  (FATIGUE) 

•  STRESS  SCREEN  •  CHEMICAL 

|-  QUALITY  CONTROL 
ETC 


-  SYSTEM  DEPLOYMENT  - 


vrS. 


7  CHANGING 
USAGE 


'S‘\  REPAIR 


If  proper  design  criteria  and  produc¬ 
tion  tools  are  applied,  the  result  Is 
a  "design  for  stress"  and  reduced 
manufacturing  defects.  These  reduce 
the  failure  rate,  (bathtub  curve  - 
solid  line  in  graph)  to  the  lowest 
level  (dotted  line  on  graph).  The 
longterm  failures  can  be  addressed 
through  a  durability  prediction  and 
analysis  and  the  longterm  lifetime 
(the  rise  on  the  dotted  line)  is 
unmasked.  The  knowledge  about  the 
longterm  failures  also  results  in  a 
synergistic  effect  if  fedback  into  the 
design  and  manufacturing  activities. 
Thus,  improvement  of  the  design  and 
manufacturing  techniques  is  achievable 
through  a  more  deterministic  approach. 


PROBABILISTIC 

r> 

RELIABILITY 

RANDOM  FAILURE 
o- 

STATISTICAL  ANALYSIS 


DESIGN  GOALS 


PHILOSOPHY 


7- 


a* 


SYSTEM  . 
APPROACH 


DETERMINISTIC 

DURABILITY 

r> 

PHYSICS  OF  FAILURE 

o 

STRESS  ANALYSIS 

r^. 

LIFE  IN  THE  USAGE 
ENVIRONMENT 
o 

DESIGN  CRITERIA 

A— — i  COMPONENT 
^  OESIGN 


What  this  leads  to  is  a  changing 
philosophy  toward  enginearlng  design 
and  quality  products.  We  are  moving 
a  way  from  the  probabilistic,  systems 
approach  of  today  toward  tha 
deterministic,  component  approach  of 
tomorrow. 


Showing  this  philosophy  in  a  different 
way  we  can  see  that  these  two 
approaches  can  play  together  to  pro¬ 
duce  a  better  quality  system.  The 
MIL-HDBK-2 17D  approach  results  In  an 
excellent  preliminary  subsystem  design 
from  the  reliability  philosophy.  The 
bottom  up*  durability  discipline  can 
then  be  applied  to  the  detailed 
subsystem  design. 


WHAT  IS  INTEGRITY?  j 

I 

AVIONICS  INTEGRITY  IS  A  DETERMINISTIC 
APPROACH  TO  IMPROVE  THE  OPERATIONAL 
CHARACTERISTICS  OF  AVIONICS 
EQUIPMENTS. 


Self-explanatory . 


DESIGN  AND 
MANUFACTURING 

WHAT  THEY  MEAN 
TO 

FLEET  READINESS 

MR.  A.  J.  WILLC'JGHSY.  JR- 
DEPUTY  CHIEF  OF  NAVAL  MATERIAL  FOR  RMSQA 


During  the  following  break  you  may 
stay  to  watch  a  videotap.  of  Mr. 
Willis  Willoughby.  He  will  tell  us  th. 
Navy's  approach  to  handling  th. 
avionics  integrity  problems. 
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MATERIAL  ACQUISITION 
FUNDAMENTALS 


•  MISSION  PROFILE  DEFINITION 

•  STRESS  ANALYSIS 

•  OERATING  CRITERIA 

•  WORST  CASE  ANALYSIS 

•  SNEAK  CIRCUIT  ANALYSIS 

•  PREDICTION/  ALLOCATIONS 

•  FAILURE  MOOES  &  EFFECTS  ANALYSIS 

•  TEST.  ANALYZE.  L  FIX  WITH  CLOSED  LOOP  REPORTING 

•  DESIGN  REVIEWS 

•  MISSION  PROFILE  QUALIFICATION  TEST 


*  This  is  the  route  the  Navy  decided  to 
90  to  achieve  the  operating  life  they 
wanted 

*  Reliability  is  a  function  of  stress; 
If  hardware  is  overstressed ,  It's  not 
rel iable . 

*  Analytical  tools  listed  here  have  one 
purpose  -  to  understand-  the  stress  in 
the  hardware. 

*  If  the  tools  are  used  correctly  and 
rigorously,  the  data  they  produce  is 
equaltoorbetter  chansometest  data 

*  When  using  these  tools,  you  aren't 
designing  the  most  reliable  piece  of 
ha  rdware . 

*  Military  has  no  requirement  for 
long  life  equipment 

*  The  bulk  of  hardware  is  medium 
life  reliability 

*  There  are  analytical  tools 
available  to  design  no  failure 
equipment  (25  years,  35  years,  etc) 

*  These  analytical  tools  were  chosen 
because  they  are  cost  effective  for 
achieving  medium  life  reliability 

*  Everything  on  the  chart  is  done  by  the 
contractor  except  the  mission  profile 
definition . 


*  The  mission  profile  definition  is  the  most  important  thing  the  program  manager  has  to  do. 

*  If  done  right,  the  contractor  has  been  given  everything  he  needs. 

*  If  done  wrong,  the  contractor  has  one  hand  tied  behind  his  back. 

*  The  rest  of  the  list  doesn't  really  matter  if  the  mission  profile  definition  is  wrong. 

*  Stress*  analyst s  is  simple  stress  analysis  that  looks  at  the  stress  on  the  hardware. 

*  Derating  criteria  is  determined  from  results  of  stress  analysis.  (If  you  intend  to  keep  any 
equipment  within  certain  stress  profiles  (determined  in  the  stress  analysis)  it  must  be  oerated, 

*  Worst  case  analysis  is  done  to  make  sure  nominal  conditions  (previous  analytical  tool)  are  in  the 
center  of  the  analytical  profile. 

*  Sneak  circuit  analysis  is  the  stress  that  occurs  due  to  unwanted  current  paths,  (unwanted  current 
paths  can  be  due  to  component  failures,  lifted  bonds  or  switchology,  interrelated  paths  that  have 
not  been  planned.) 

*  Sneak  circuit  analysis  shows  you  whether  or  not,  in  all  cases,  the  current  flow  is  as  anticipated 
and  there  aren’t  any  potential  points  where  a  single  failure  point  can  Cause  current  to  flow  where 
you  don't  want  it. 

*  This  list  must  be  done  with  discipline  and  rigor. 


JUNCTION  TEMPERATURE  i.VIPACT 
ON  SEMICONDUCTOR  RELIABILITY 

a— •■■■  t  1— a— CMMinma wmiv 

JUNCTION  FAILURE  RATE  (MTBF)  CUMULATIVE  IMPACT 

TEMPERATURE  IMPROVEMENT  FACTOR  ON  RELIABILITY 


•  A  classic  example  of  what  you  can  gain 
by  derating 

•  Between  the  junction  temperatures  of 
1 5  0°  C  and  7J®C,  there  is  a  900X 
difference  in  reliability. 

•  The  Navy  chose  11  J°C  as  a  good 
junction  temperature. 

•  For  every  10°C  you  derate  the  device, 
you  double  its  life. 

•With  semiconductors  there  Is  a 
tremendous  opportunity  to  improve  the 
operating  life  of  the  equipment  by 
paying  close  attention  to  junction 
temperatures. 

•  The  world  is  evolving  to  junctions 
(next  5-10  years)  and  so,  the  most 
important  thing  you  can  manage  is 
junction  temperatures,  (hybrid,  chip, 
and  card  level) 
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OEFifiirisoscur.isr.Ts 


AFSC/ASD  POLICY/REGULATION 


MILITARY  STANOARO 

•  MIL  PRIME  CONCEPT 

•  TAILORED  SOW  LANGUAGE 


DESIGNER'S 

HANDBOOK 


These  ere  the  documents  which  will  set 
forth  whet  we  need  to  do  to  improve 
Integrity  (mllitery  standard),  what  to 
do  (designer's  handbook),  end  who  is 
to  do  it  ( AFSC  or  ASD  regulation) . 


AVIP  METHOD 


DIVIDES  THE  LIFE  CYCLE  INTO  FIVE  STAGES 


•  I  •  DESIGN  INFORMATION 


•  II  -  PRELIMINARY  SYSTEM  DESIGN 


XI 


•  III  -  DESIGN,  ANALYSIS  l  DEVELOPMENT 

•  IV  -  COMPLIANCE,  PRODUCTION  &  CONTROL 

•  V  -  FORCE  MANAGEMENT 


Self-explanatory. 
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Self-explanatory/  but  note  the 
correlation  of  this  table  to  the  next 
chart.  Stages  are  equivalent  to 
tasks. 


ENGINE  STRUCTURAL  INTEGRITY  PROGRAM 


I  DESIGN 
INF  (MYA7IQR  I 


-  otsiCJi  sim 

Uft  1  USAGE 
MOdlfUMUiTS 

-  Olsten  CJUTEAU 


I  DESIGN  »»UL 
CS^PNT  * 

I  a*  I  CH/UUC 


•  UAI  IS  trio 

processes 
o‘S;g-i  ::.ta 

CMAMCT13!I£0 


cc-pariENt 
SCORE 
E**G  TESTING 


•  UPDATED  DURA. 
t  OAM  TOL 

control  rum 


OfTERiat 
ST  RUC  IMPACT 
ASSESSMENT 


PROD  C7SL 
CCrtTFOL  i 
[r.Q  UFE  K3T  | 


•  STRtC-  WITT 

a  ouiua  suu. 


•  LEAD  THE  FORCE 
PMC.  (USAGE) 

•  owa  a  cam. 

TOL.  CONTROL 

PLAN  IMPL 

•  TICWNCAS 
ORDER  UPDATE 


Self-explanatory. 


AVIP  PROCESS  FLOW  DIAGRAM 


STAG* I 

DESIGN  INFORMATION 


f  CRITICALITY 
ANALYSIS 


/  INTEGRITY  : 
{ALLOCATION  " 


STAGE  H 

PRELIMINARY  DESIGN 


<  ENVIRON  /  | 

DESIGN  ASSESS 


l/N  OMOftw*  /i\  bump  a  Muamai 


These  two  charts  lay  out  the  AVIP 
process  table  into  a  flow  diagram. 
Note  that  the  numbers  at  the  upper 
left  corner  of  tne  blocks  refer  to  the 
activities  which  will  be  discussed 
through  the  rest  of  this  tutorial. 
These  activities  will  be  indicated  in 
the  notes  by  the  following  notation: 


T;.  V 

4# 


AVIP  PROCESS  FLOW  DIAGRAM 


UCS.GN  ANALYSIS  A  DEVELOPMENT 


1-lPLtANCE  PRODUCTION  A 
•  CONTROL 


/FAILURE  l 
lOiAGNOSiSi 


.  FORCE 
MANAGEMENT 


/  1  t  ENVIRON  I 

TESTf— -  SURVEY  — 
«  ,  PROGRAM! 


/FAILURE  i 
''REPORTING: 


p/£"V-,€S,<;’' 


—  DERATE  — (^PORy-fTAF  -/cO*y 


**_  I  *n  ^  ]  __  _  _ 

/stress  '  «Jl\.iun.D|-Mnii'** - 

SCREENING-*  ""  ‘•r  I  \  .  -REPOOCU1 


FULLSCALE  OEYELOPMCNT 


OJPLOYMINT 
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DEFINE  THE  ENVIRONMENT 


ACTIV  »1 

The  government  must  define  the  total 
environment  for  the  integrator  or 
manufacturer. 


Mini 


SET  DESIGN  CRITERI/I/TOOLS 


$1^ 


-  DETERMINISTIC  CRITERIA  - 
•  DERATING 

•  JUNCTION  TEMPERATURE 

•  POWER  DISSIPATION 

•  FANOUT 

•  VOLTAGE  STRESS 

•  CURRENT  _ 


RATIO 


•  VIBRATION 

•  BOARD  OEFLECTION 

•  LIFETIME 

•  THERMAL  CYCLES 

•  VIBRATION  DURA TtON 

•  CORROSION 

•  ESD/EOS 

•  FAULT  DETECTION 

•  SAFETY 

•  OEFINE  TOOLS  - 

•  STRESS  SCREENING  •  STRESS  ANALYSIS 

•  OUAUTY  CONTROL 


TIME  TO  FAIL 


ACTIV  tl 

The  government  would  establish  the 
design  criteria  and  point  out  the 
array  of  tools  available  to  the  manu¬ 
facturer  for  use  throughout  the  manu¬ 
facturing  process.  Some  of  the  design 
criteria  and  tools  are  listed  here. 
Two  key  design  criteria  are  the  number 
of  vibration  cycles  and  the  number  of 
thermal  cycles. 
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3.  ENVIRONMENTAL  ASSESSMENT 


•  MISSION  PROFILE 

•  MAINTENANCE  CONCEPT 


DEPLOYMENT  STRATEGY 


D  TEMPERATURE.  HIGH  &  LOW 

□  THERMAL  SHOCKAT 
0  MECHANICAL  SHOCK 

□  VIBRATION  (RANDOM  &  SINE) 
a  HUMIDITY 

□  SALT  ATMOSPHERE,  SPRAY 

□  electromagnetic  radiation 
a  NUCLEAR  COSMIC  RADIATION 

□  SAND  &  OUST 

P  LOW  PRESSURE  (AlTITUOE) 

D  ELECTRICAL  TRANSIENTS 

□  HUMAN  FACTORS 

□  MAINTENANCE 
O  ETC 


<i  ACTIV  #3 

H  The  integrator  must  then  analyze  the 
environment  and  determine  the  atresaee 
which  all  the  electronic  equipment 
must  face. 


1100 

1000 


REMOVAL  EXPERIENCE  VS  AIRCRAFT 
ARN-tIO 
TACAN 
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•  ACTIV  #3 

•(This  graph  shows  the  Uportanci  of 
ijastabl  ishlng  and  analyzing  th. 
^environment.  The  different  aircraft 
!ja n v  1  r on m a n t a  on  this  graph  yield 

!' different  removal  races  of  the  ARN-US 
TACAN.  This  common  item  possesses  a 
wide  range  of  durability  when  exposed 
to  different  environments. 


WHOP  AJ, 


MASTER  PLAN 

•  PREPAREO  BY  MANUFACTURER 

e  DESCRIPTION  OF  APPROACH  TO  SATISFY  INTEGRITY  REQUIREMENTS 
e  SUBMITTED  WITH  PROPOSAL 
e  1NCLUOES: 

•  STRESS  ANALYSIS  •  FAILURE  DIAGNOSIS 

-  FATIGUE 

-  CORROSION 

.  THERMAL  MANAGEMENT  •  TESTABILITY 

•  OERATING  •  STRESS  SCREENING 

•  CONTRACTUAL 


ACTIV  )6 

The  master  plan  la  most  important  in 
helping  us  to  assure  a  quality 
produce.  It  Is  submitted  along  with 
the  proposal  ami  becomes  a  part  of  the 
contract.  It  allows  the  manufacturer 
to  tailor  the  integrity  program  to 
meet  the  requirements  and  fit  his 
business  structure. 


METHOD 


the  approach  taken  in  the  master  pun  must  represent  a 
AEAUSTIC  SAUNCE  OF  CONSTRAINTS; 


DESIGN  FOR  THE  STRESS 


•  trade  studies  considering  alternatives 

•  COMPUTER  AIDED  DESIGN  TOOLS 

•  CIRCUIT  BOARO  LAYOUT 

•  TEMPERATURE 
VIBRATION 

•  FAILURE  MOOES  EFFECTS  CRITICALITY  ANALYSIS  IFMECA) 

•  PREOlCTIONI  ANALYSIS 

•  THERMAL 

•  VIBRATION 


I  VIBRATION 
TEMPER  AT  uAf  l 


ACTIV  111 

With  this  stress  analysis  we  can  then 
design  for  the  stress. 


HAPOWAftf 

OESiQN 


R  *  »'**>*•  .'r'  »•»'*  .'*  •  ,  k  *  A  '  ■  •  *  k  * 
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ELECTRONIC  EQUIPMENT 
THERMAL  MANAGEMENT 


nr.  Robert  Berger  will  now  toll  u« 
about  designing  electronic  equipment 
Cor  thermal  stress* 


OUTLINE 


•  PROBLEM  OVERVIEW 

•  PROBLEM  IDENTIFICATION 

•  PROPOSED  SOLUTION 


t  OUTLINE  -  MIU.  MOV  I  DC  SOC  MCKUOUW.  IDENTIFY  THE  NONUf 
ME  Ml  TRY  IK  TO  RESOLVE  AMS  PROPOSE  A  PROUWI  TO  KSOltt  THE 
PROO101. 


BACKGROUND 


•  thermal  management  survey 

•  SYSTEMS  APPROACH  TO  THERMAL  MANAGEMENT 

•  INTRODUCED  THERMAL  MANAGEMENT  CONTROL  PROGRAM 

•  INTRODUCE  ELECTRONIC  EQUIPMENT  THERMAL  MGMT  PROGRAM 


AUG  Si 
AUG  82 
JULS3 


•  BACKGROUND 


JAN  84 


LIFE  CYCLE  COST  BREAKDOWN 


•  tic  avionics  ac cams  fo*  amtt  a  ram  of  a  hafors  sysiuc 
acquisition  cost  m  man  a  ram  of  that  xysters  uc.  ever  riaor 

IRPABfOCATS  II  AVI  PA  ICS  KLIAOILITY  Q>  UNCR  LCC»  CAR  K  SIAM- 
FI  CART. 


AVIONICS  RELIABILITY  DEPENDS  ON  TEMPERATURE 


•  m  auMiLiTY  or  mar  euctmiic  p**rs  is  •  fimctioo 

of  okmiik  TtntMiun.  son  nuns  me  iwtcra  non  thm  oihus 
»T  rUKMJIMES. 


REASON  FOR  COOLING 


•  MEET  MINIMUM  FUNCTIONAL 
PERFORMANCE 


•  MEET  MINIMUM  RELIABILITY 
REQUIREMENTS 


COOE1M6  IS  DSQ  TO  MTOPT  TO  COIITMX.  PUT  TC1VEWTUKS. 


TYPICAL  AIR  C00l£D  AVIONIC  (INfT 


CURRENT  "GOOD"  DESIGN 

- - — - — — - 

•  DETERMINE  PART  OPERATING 
TEMPERATURES 

•  LOOK  FOR  “HOT  SPOTS” 

•  LOOK  FOR  PART  TEMPERATURES>105°  C 

•  REDESIGN  TO  MEET  ABOVE  CRITERIA 

•  ENTER  “TEST-ANALYZE-FIX”  DO-LOOP 


I  GENERAL  1  NODI IllS  INDICATES  THAT  THE  STATE-OF-TK-ART  AVIONICS 
EQUIPTtMT  DESIGN  APPROACHES  CONSISTED  PI  IRANI  IT  OF  THE  FOLLOWING 
PRACTICES. 


CURRENT  THERMAL  PRACTICE 


THERMAL  MANAG04EOT  CONTROL  PROGRAM 


•  TMC  COVERS  ACTIVITIES  at  both  the  system  uvel  as  hell  as  the 
SUBSYSTEM  LEVEL. 


AVIONICS  DEVELOPMENT  PROCESS 


DESIGN  PHASES 
AY.  TM  PflOG 


VERIFICATION 

QUALIFICATION 

TESTING 


A/C  INTEGRATION 
HELD  OPERATION 
TMC  PROGRAM 


•  DC  INTUIT  IS  10  DESIGN  III  RELIAIILIIY  AS  A  FART  OF  TIC  INITIAL 
LAYOUT  AND  PACKAGING  DESIGA  RATHER  THAN  RELYING  STRICTLY  ON  THE  TESY- 
MALTZE-fU  APPROACH.  YHIS  IR  HO  NAT  IS  INTENDED  TO  REPLACE  ANY  OF 
THE  PROVEN  FCTHOOS  OF  IFMOVIHG  A  PRODUCT'S  RELIABILITY  NUT  TO  SUPPLE - 
*NI  THESE  HETHOOS  ARO  HELP  TO  PRODUCE  AN  OVERALL  BETTER  PHODOCT  IR 
THE  CAD. 


PROGRAM  STATUS 


•  A.  F.  AVIONICS  INSTALLATION  STO  •  INCORPORATED 

•  CHANGES  TO  MIL-STD-785B  ■  IN  PROCESS 

•  DATA  ITEMS  FOR  MIL-STD-785B  •  IN  PROCESS 

•  PROGRAM  DISSEMINATION  -  UNDERWAY 


•  CURREHTIY  TIE  TIC  PROGRAH  IS  BEING  IHPLIIEHTED  UNDER  VARIOUS 
PNOGRAW  INCLUDING  TIC  AVIP.  THE  FLOOR  IS  OPEN  FOR  QUESTIONS. 
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IMPROVING 

CORROSION  RESISTANCE 
OF 

ASD  AVIONIC  SYSTEMS 


JOHN  KAUFHOLD 
AVIONIC  INTEGRITY 
ASD/ENAS 


ACTIV  #11 

Now,  Mr.  John  Kaufbold  will  di*cu»» 
designing  avionic  equipment  toavoid 
corrosion . 


Roughly  J5X  of  avionics  failures 
can  be  traced  to  the  effects  of  cor* 
roe  ion  on  the  lteas*  The  cor rue  Ion 
Is  caused  by  the  interaction  of  the 
environment  with  a)  materials  that 
are  not  designed  to  withstand  the 
envlronaen  b)  contaalnatlons  on  the 
surfaces  that  interact  to  neks  cor¬ 
rosive  agents  chat  then  Interact  to 
destroy  the  notarial  Integrity  of  the 
itea,  and  c)  poor  engineering  designs 
Chat  provide  for  the  accuaulatlon  of 
corrosive  compounds* 


ELECTROLESS  NICKEL  ON  ALUMINUM 


We  have  seen  corrosion  of  connec¬ 
tor  beckshells  due  to  inconpet lbl iity 
between  the  base  natal  and  the  top¬ 
plating  applied.  A  good  Instance  of 
this  le  electroless  nickel  piecing  on 
eluainun  as  can  be  shown  by  Slide  2. 


All  services  have  experienced  this 
problea.  Yet  the  solutlon- 
elialnatlon  of  nickel  coating  on  alu- 
alnuei  Is  not  forthcoming.  It  1* 
often  reinforced  because  or  honest 
efforts  to  assemble  and  o»e  a  proves 
document  Chat  looks  good  yet  Joes  not 
work  well  in  fielded  equipment.  An 
exunple  is  the  SA£  Aerospace 
Recommended  Practise  ARP  UB1  ap¬ 
proved  in  November  I9d3,  less  then 
six  months  ago.  (Slide  J).  This 
document  allows  that  nickel  on  alumi¬ 
num  is  coopatlbLe.  It  Is  the  use  of 
documents  like  these ,  without  knowing 
Che  envlronaent  they  will  be  used  In, 
phat  gets  ua  Into  trouble. 
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To  emphasize  the  impact  that  the 
environment  ha*  ou  equipment  we  have 
what  we  call  environmental  design 
theorem  Nu.  1  (Slide  *)•  That  la; 
"Mole tore  and  corrosive  vapor*  will 
get  in  and  on  all  non-hermet Ically 
sealed  avionic  equipment  in  DOD 
service.'  This  condlt ion  is  espe¬ 
cially  critical  when  you  realize  that 
virtually  ail  Air  Force  aircraft  em¬ 
ploys  some  form  of  ram-air  cooling 
and  the  basic  ambient  environment 
Impacts  on  much  of  the  equipment. 
Until  alternate  environmental  control 
systems  are  used,  we  will  be  subject 
to  the  problem  of  environmental 
Theorem  No.  I  on  all  our  avionics. 

The  threat  of  chemical  agents  being 
used  during  war  is  also  serious. 

They  break  down  to  form  corrosive 
compounds  to  complicate  our  design 
for  corrosion  resistance. 


ENVIRONMENTAL  DESIGN  THEOREM  NO.  1 

------  • 

MOISTURE  AND 
CORROSIVE  VAPORS  WILL 
GET  IN  AND  ON  ALL  NON- 


HERMETICALLY  SEALED  AVIONIC 


EQUIPMENT  IN  DOD  SERVICE. 


ENVIRONMENTAL 

ENGINEERING 


HIST  EDITION 

10  MARCH  W6I  l 


We  realize  we  have  a  problem  - 
what  tools  are  available  to  use  to 
reduce  or  eliminate  the  problem? 

AFSC  Design  handbook  1-5  Environmen¬ 
tal  Engineering  (Slide  5)  has  been 
availaole  since  I9b(j,  yet  it  is  not 
used  or  called  out  for  use  on  our 
contracts  and  system  sped  t  icat  ions . 
It  addresses  all  systems  and  environ¬ 
ments,  from  ground  to  space,  and 
corrosion  prevention  and  control  with 
respect  to  the  environment. 


i 


i 


NAVMAT  P  4855-2 


DESIGN  GUIDELINES 
FOR  PREVENTION 
AND  CONTROL  OF 
AVIONIC  CORROSION 

AVIONIC  DESIGN  RELATED  TO 
FLEET  ENVIRONMENT 


TABLt  t-t  rut  -0Ot*  Of  *OU«l»*»fWr  OiVQM 


Do  we  have  any  specific  military 
■pacification  or  acandard  that  ad- 
drciMi  corrosion  praventlon  and  con¬ 
trol  In  the  design  of  avionics  equip¬ 
ment?  NO.  Ground  support  equipment 
has  MlL-STD-du«A.  Aircraft  have  MIL- 
STD-L563  and  IS37.  One*  deployed,  wa 
hava  logistic  technical  orders.  No 
standard  exists  for  tha  design.  AIL 
•arvlces  have  thla  problem  with  elec¬ 
tronics.  Tha  Navy  haa  it  especially 
bad  because  of  the  Installation  of 
aircraft  on  low  freeboard  ships,  for 
exaaple  destroyers,  and  salt  air  and 
water  around  them  in  a  hemispherical 
pattern  when  on  sea  maneuvers,  for 
exaaple,  on  a  carrier.  They  have 
instituted  a  program  where  they  have 
taken  all  their  lessons  laarned  and 
incorporated  the®  into  a  document  to 

be  used  during  development  of  new 
systca  avionics-  The  document  is 
NAVMAT,  P  adbD-2,  titled:  ‘Design 
Guide  1 1 ues  tor  Prevention  and  control 
of  Avionic  Corrosion"  (Slide  b). 

They  require  the  use  of  the  document 
In  the  contract  statement  of  work  and 
assess  the  design  against  the  cri¬ 
teria  specified  therein.  Since  the 
document  la  "guidelines",  die  design 
«*  criteria  Is  shown  as  s  list  of  "do's” 

and  "don’t*".  To  give  you  soma  Idea 
of  the  format,  the  next  two  view- 
graphs  (Slide  7)  -  DO's  and  (Slide  3) 
-  DON'T*  are  taken  from  the  NAVMAT 
document. 

raats  *.j  rut  dom t»-  op  iquipmiht  o titan 

;C0NT«-7 


•  8m  I  vtt  4.»».nn*<  ir«uii  gaiva— <)  COutHtl  >1  >1  Cin  M  avoided 

•  Sea  t  ate  BIy  mat  tanuii  »  acaia  ms 

•  (teat  oiava  graun.ia  m  contact  *<m  aluminum  at  any  iiruciurii  maul. 

•  3m  I  -ii  «aai  *l>i.->a  man-iaaiadi  a'SUMMt  COnnactoi  oooit  to  MSP  mdiltvrt  fluid  mtrufios. 

•  Bant  — an  mjgiun>,m  to  a  —  iu.  p» a  earned  c  man  au— mum 

•  Sfv  mi-sis  n^a  .aiitan'iii  cmi.'ijo 

•  Oast  via  goid  arti  «»*ti  a r  coopa* 

•  Baal  via  iiyiM  n  ata<  a  t  rat  e*;gat  tuopon  fungi  acioro  motiigtaor  aradtgraaad  oy 

»4'  titnaflca  mo  jperat-snjr  ‘<-<01 

•  Bait  vM  i.iva.  to.  jar  or  jrfpfwt  ■'noragnatad  malarial  lor  csnduclma  or  EVl  gttMii 

•  Bast  via  too  -ouftiaa  a  iittanwi 

•  Baa  l  mount  vvebi  neMSniany 

a  3m  t  -sum  cmnactora  tmuiMSflldCI  o>  coanail  vartieauy. 

•  3m  i  piac*  toga  ionnactari  a.i  ma  ootiem  auga  ai  a  *t»t*c*riy 

a  Baal  craaia  t>aa  am  or  uo>a  wnt»dn  on  rear  toot  at  a’actncu connector! 
a  (teat  Uta  Of  act  an  coonng  on  act*  .a  naci'ornc  Cu-pcnantl 
a  Cm  t  msum  #BAi  *ti  man  i  -ncfi  aoo*o  ma  ccmoaumani  (tow. 

•  3mi  uia  n>  j/okooc  maiartaif 

•  Cast  -»a  r.caai  a  ana  t-tcwoi  connaclar  iltatti. 

•  last  «aa  town  cwt’non.nf  nsw.411  mat  esn  aoiarioratt 'rtvorQ 


“oai" 


•  Ott'gr*  on  m#  aitumotron  mar  maiitura  md  tfcrd  wilt  be  praianr  m  ma  iirtrimo  an« 
aouiprwt 

•  Jan  *ti  dni*mrtjr  -*»al  (iiwwicj  coupiaa 

•  u$a  aanryhr'ana  at  a  enn'or-at  caaiof  <m  printed  winng  ooardt 

•  Ufa  in  eatihr  replacaaoit  anodic  icon***— aoiai  part  m  ettameiep  g.aund'ng  #r  benStof 

COontc'ioni 

•  (teetiesiiv  'fWata  graonna  eo-onff*  -ate-att  from  avion*  adu'p-eni 
a  UM  only  fl«t»ical  connacto'  Booll  mil  Can  C*  jeiiffl  With  *]*afive$ 

a  Csrifuiiy  t#*«t  a  protects*  ivram  tor  uti  on  -ag«fiu- 

•  Comcete  ma  worerng  o<  iki-my-  dri'lmp.  suiting  g*.-dmg»  prior  to  tur'set  trtatmnt 

•  lilt  lu'UC*  t'tltmcntf  (jncu*re  and  converven  :oat--01*  on  t'u-mmn 

•  Csralui'y  itltct  t*f -f  t  *  ptitmg  uiafl  m  ormnda  tscMi*>*>  preiteiisn  earner  selection  at 
a  tpira  ■natal  oatwa*n  r*o  oiV'wta  ircompat'P'a  ntfiitf  or  at  •  luttt'Mt  svnKf. 

•  Uta  a  nicfat  ttnha  u«car  ;oi«  p  at-ng 

•  U«  lo'dtr  »ioa  wn  isaratt  3-ivOu  acts  conta^ 

•  Ufa  Tata'ite  n*air*iait  M<m  mi  -on  cO"dt>an  rtuvis  contguratim  patirvataS)  <*HS 
Minimum  OOft  Ola  ratmuat  jtren>ng 

a  Um  «iuoreci*o«*  or  nuorofit<o"a  tvp*  -atari  a-i  ror  *0"  "ngy  and  taut. 

•  Sail  concoct1. a  and  EUi  gataatt  aga'nfi  -ditturt/ rtuid  mirmisn 

•  UM  loe  Joint  arj<nt 

a  Mount  rdu'd— cni  ma  eorroo-tnts  at  i«»K 't  men  aoo»a  oatantis  itmamg  eatar  ia*t» 

•  Ufa  n«rm*t>e  icaimg  *Mr«  potfOif 

•  UMeoiviuitioa*aa’inrttoiaainan.praff«r’iadadwo-anrarnfftmoif»ur*/Huidmtrufio«il 
Wilis'! 

•  Uia  t'insoartni  tctearl  confor-i'  COJ'-nd 

a  Ptica  J— man*  o'eaiura  «"f*ng  eo-oonanti  ouifda  fduip— ant  houtmgt 

a  ttevgn  ’or  miiOtjrfUO  lily 

•  Ufa  ano*  eo*  »'df 

a  Mount  C\vflt  vart-cfi'v  «-!H  **-a  *aoe  rjnnaetora  on  vartical  edga  or  Baca  o»  board 
a  Mount  fiactr-cai  connacio'f  i*o-.;?nt«tiy 

•  Ui#  dr'P  oo#f  on  tmetricai  cacea 

a  uat  ddnecint  ivitami  Btin  v-wm  no  caton 

•  Ufa  :03"rfl  lyfte-i  mu  ransvt  mf Vurs  #"d  ptrtieutata  -ir«r 

a  Uta  0"  t'"gi  10  taai  around  co-*s»  'Miti  mat  -uit  p«-at»ata  in  rnetriura 

•  Ba  iwl'a  o'  vincut  a’»irJ-«  «<*l-  fr  and  "  uif 

a  Uia  r'KlKS  con"ac’orl  enn  evund-MlM  iMptKill  trait 

•  •'Otcct  iga-it  mtuiai  vr  n-t 

•  Rteognut  m»  ecerat'onai  •«»•>  on-ant 

•  *ecogn'ff  m#  — nme-anra  ■-vron—a-r 

•  Ba  i«ira  o»  rteef  -fme-l'ca  pmeriwraj  and  -I’ar  i't 
a  Cat  me  met  -amtenjoce  tecnniciin  »  mpyl 

•  L  ifer*  to  'aidSicB' 


ANATOMY  OF  AN  ELECTRONIC  BLACK  BOX 


1.  MAKE  SURE  BOX  CAN  BREATHE  IF  NOT  HERMETICALLY 
SEALED. 

2.  INSERT  PRINTED  CIRCUIT  BOARDS  IN  THE  VERTICAL  POSITION. 

3.  LOCATE  ELECTRICAL  FEED-THRU  CONNECTORS  ON  THE  SIDE. 


The  och«r  services  also  have 
aircraft  In  their  Inventory  with 
avionic*  that  have  tb*  same  problems. 
The  US  Army  Development  and  Readings* 
Command  have  taken  their  lessons 
learned  and  incorporated  them  into  a 
package  called  the  "Anatomy  oi  an 
Electronic  Black  Boa."  The  Viewgraph 
(Slide  9)  shown  here  waa  taken  bodily 
from  the  Army  Handbook  that  supple* 
oenta  the  Prevention  of  Material 
Deterioration;  Corrosion  Control 
Course  presented  by  the  Logistics 
Engineering  Directorate  et  Rock 
Island.  Illinois. 


4.  LOCATE  CARD  CONNECTORS  ON  SIDE  OR  BACK.  NOT  ON  THE 
BOTTOM. 


7.  SEPARATE  TO  THE  MAXIMUM  EXTENT 

S.  USE  SIMILAR  METALS  ON  CARD  CONNECTORS  AND  PRINTED  POSSIBLE  POWER,  RETURN,  AND  GROUND 

CIRCUIT  BOARD  CONTACTS.  LEADS  IN  CONNECTERS  AND  PRINTED 

WIRING  CIRCUITS. 


6.  DO  NOT  USE  MATERIALS  THAT  MAY  EMIT  CORROSIVE  VAPORS. 


The  basic  elements  shown  are  also 
distributed  within  the  NAV'MAT  "Do's" 
and  "Don'ts"  lists.  Because  of  the 
importance  of  these  criteria,  a  short 
review  of  the  rationale  for  them  la 
warranted: 


8.  MINIMIZE  THE  USE  Of  MAGNESIUM 
AND  COPPER  BEARING  ALUMINUM  FOR 
THE  BASE  STRUCTURE  OF  AVIONICS 

9.  ASSURE  THAT  ALL  NON-HERMETICALLY 
SEALED  AVIONICS  BOXES  HAVE  DRAIN 
HOLES. 


1.  If  the  box  cannot  breathe  and 
la  not  hermetically  sealed  (hermetic 
fleam  gastight),  thermal  cycling  of 
moisture  laden  air  will  allow  water 
in  but  not  out.  Water  will  accumu¬ 
late  and  fill  the  box.  Ionic  con¬ 
taminant*  inside,  either  carried  in 
by  the  gas  or  left  as  a  result  of  the 
procees,  will  become  electrolytes 
that  cause  short  circuit  paths  as  the 
water  level  builds.  The  bo*  function 
will  b«  degraded  or  lost. 

2.  Moisture  inside  the  bo*  will 
condense  due  to  chermsl  cycling.  If 
the  boards  lie  fist,  water  droplets 
can  condense  across  circuit  paths. 

It  cite  boards  are  vertical,  the  con¬ 
densation  will  run  off.  Also  the 
heat  generated  enrough  component  op¬ 
eration  will  causa  thermal  currents 
that  can  self  dry  the  boards. 

3.  Feed  through  connectors  lo¬ 
cated  on  the  bottom  can  have  cheir 
rear  surface#  equal  to  horizontal 
boards.  Moisture  can  condense  and 
flow  into  the  recesses  whera  the  pins 
are.  It  can  also  seep  down  by  the 
wires leevlng  where  it  goes  into  the 
connector  grommet.  Electrolytic 
solutions  will  inevitably  reach  the 
electrically  active  pin  surfaces  and 
short  across  circuit  paths  and  cause 
failure  of  the  box. 


*•.  Locating  card  connectors  as 
indicated  will  eliminate  che  poealbi- 
llty  of  che  bathtub  effect  of  water 
covering  the  connectors  and  causing 
shorts.  Because  of  the  configuration 
of  the  card  connectors,  when  bottom 
mounted,  the  rear  active  surfaces 
have  che  same  effect  as  a  horizontal 
board  sod  are  eubject  to  the  snae 
conditions  as  item  2  of  the  previous 
vievgroph. 

3.  Dissimilar  metals  are  a  seri¬ 
ous  cause  of  corrosion  and  the  loss 
of  electrical  continuity  In  avionics 
and  electronic  systems  because  of  the 
inherent  reactivity  In  the  presence 
of  an  electrolyte.  Use  of  similar 
metals  will  alleviate  the  problem. 


7.  This  element  is  necessary  be¬ 
cause  certain  solder  conditions 
cause  dendrites  to  occur  and  bridge 
circuit  paths.  If  the  power  paths 
are  adjacent  to  each  other,  shorts 
will  occur  with  very  little  dendrite 
growth  and  destroy  the  power  feed 
path  or  connector  power  feed  pin. 

This  situation  is  alao  present  if  an 
electrolyte  droplet  falls  across  two 
adjacent  power  leads.  Using  this 
criteria  will  require  ouch  greater 
amounts  of  dendrites  or  electrolytes 
for  tha  shorts  to  occur.  The  amount 
required  may  never  be  reached  if  this 
design  criteria  Is  used. 


b.  The  must  commonly  used  wire 
sleeving  is  polyvinyl  chloride.  It 
is  cheap  and  in  a  benign  environment 
it  is  effective.  However,  when  sub¬ 
ject  to  heat.  It  decomposes  to  re¬ 
lease  hydrogen  chloride  gas. 

Chlorides  are  the  most  commonly  round 
contaminant  on  avionics  equipment. 
When  hydrogen  chloride  mixes  with 
water,  it  forms  hyorochlor lc  acid 
which  in  an  enclosed  environment  will 
attack  every  open  metal  used  In 
avionic  systems  and  cause  them  to 
corrode.  The  corrosive  by-products 
can  become  dielectrics  that  cause 
open  circuits  or  bridge  across  cir¬ 
cuit  path*  to  cause  shorts.  Both 
cases  cause  loss  of  function  on  the 
Black  Box. 


d.  Magnesium  and  copper  bearing 
aluminum  Is  used  where  lightweight 
and  high  strength  are  desired.  The 
higher  the  strength  of  these  alloye, 
the  more  they  are  susceptible  to 
corrosion.  Avionic  structures  do  not 
normally  need  to  be  super  high 
strength  or  superllght. 

9.  Remember  Item  1  said  design 
the  box  to  breathe.  A  .bcx  can 
breath  If  it  has  louvers  high  up. 

Tet  it  can  still  have  a  bachtub 
effect  if  there  is  no  solution  out¬ 
let,  Collection  of  water  will  create 
the  carrier  for  corroalve  electrolyte 
formation.  The  drain  is  :heret'jre 
required . 


THE  ANATOMY  OF  AN  ADEQUATE  DRAIN  HOLE 


1.  DRAIN  HOLE  MUST  BE  LOCATED  IN  THE  LOWEST 

PORTION  OF  THE  AREA  TO  BE  ORAINED. 

2.  ORAIN  HOLE  MUST  BE  LARGE  ENOUGH  FOR  WATER 

TO  RUN  OUT. 

3.  ORAIN  HOLE  MUST  BE  LARGE  ENOUGH  TO  ALLOW 

OEBRIS  TO  BE  REMOVED  WITH  THE  WATER. 

4.  DRAIN  HOLE  MUST  8E  LARGE  ENOUGH  TO  ALLOW 

A  PROTECTIVE  COATING  TO  BE  APPLIED  TO 
THE  WALLS  OF  THE  ORAIN  HOLE. 


WHAT  ARE  WE  DOING  -  ENA 

•  Developing  corrosion  prevention  and  control 
requirements  (or  the  Avionics  Integrity 
MILPRIME  standard. 

•  Identifying  state-of-the-art  materials  and 
packaging  configurations  to  be  included 
in  the  MILPRIME  handbook. 

•  Addressing  the  EMI  compatibility  and 
corrosion  prevention  simultaneous  requirements 
with  the  AFWAL/ML  program. 


Ducaudf  of  the  Importance*  of  .» 
drain  hole,  a  correctly  designed  one 
Is  required  to  perform  a*  Intended. 
Therefore,  from  the  same  Army  handout 
we  have  the  "Anatomy  of  a  Drainhole" 
(Vlewgraph  11).  The  following 
rationale  shows  the  importance  of 
paying  attention  to  detail  on  some¬ 
thing  often  perceived  a»  mundane. 

The  key  Is  understanding  the 
materials  properties  of  the  elements 
that  Interact  to  affect  the  opera¬ 
tion  of  a  drainhole. 

1.  If  the  drainhole  i*  not  in 
the  lowest  portion,  the  "bathtub 
effect”  will  still  occur  and  electri¬ 
cal  components  in  the  box  will  become 
subject  to  corrosion  and  short  cir¬ 
cuits.  The  attitude  of  the  box  in 
both  flight  and  ground  storage  must 
be  considered  when  locating  the 
drain  hole(t). 

2.  If  the  drain  hole  Is  too 
small,  the  surface  tension  of  the  en¬ 
trapped  fluid  will  not  allow  It  to 
flow  out  and  the  "bathtub  effect" 
will  be  reinforced. 

3.  If  the  hole  la  too  small, 
corrosive  by  products  developed  may 
plug  the  hole  and  create  the  bathtub 
effect . 


4.  If  the  drain  hole  la  not  pro¬ 
tected,  the  electrolyte  can  cause 
the  development  of  corcoaion  by¬ 
products  that  reduce  the  drain  hole 
diameter  and  subsequently  plug  the 
drain  hole  or  reduce  It  such  that 
surface  tension  of  entrapped  liquid 
allows  the  bathtub  effect  to  occur 
and  cause  shorts  In  the  box.  This 
development  of  the  drain  hole  pro¬ 
vides  an  example  of  the  thought  pro¬ 
cess  and  attention  to  detail  that  la 
required  for  selection  of  materials, 
dealgn,  and  engineering  processes 
required  to  develop  avionic  systems 
chat  meet  Air  Force  mission  require¬ 
ments. 


ADDITIONAL  SUGGESTIONS 


•  ADD  SPECIFIC  GUIDELINES  TO  RFPs 

•  EVALUATE-  PROPOSALS  IN  SOURCE-SELECTION 
AGAINST  THE  GUIDELINES 

•  ASSIGN  CORROSION  TRAINED  AVIONICS 
ENGINEERS  TO  CPABj 

•  PROVIOE  THE  AFALC  TAILORED  CORROSION 
AND  PREVENTION  LESSONS  LEARNED 
PACKAGE  AS  PART  OF  THE  RFP  PACKAGE 


Whet  are  we  doing  at  AS’J  to  In¬ 
still  corrosion  resistance  In  our 
avionics  ?  We  ere  addressing  it  as  a 
requirement  in  the  Avionics  Integrity 
Program  by  lncwrpor at  lug  U  as  shown 
(Vlewgruph  12).  Of  particular 
interest  U  the  last  OulUc  because 
of  apparently  conflicting  require¬ 
ments  of  present  designs.  This  la 
Illustrated  by  the  electroless  uUk e. 
example  referenced  earlier  In  the 
present  at  Ion . 


CORROSION  CONTROL  FOR  AVIONICS 
—  Who  to  contact 


ASO  non IITOR  FCft  THE  USAF  CORSOSICT  PftCCiUN 
JCH1  COOFJW  *SD/t‘iFSS  53471 

ENA  FOCAL  TOUT  FCR  AVIONICS  COHESION  CONTROL 
JOHN  KAUFHOU)  AS3/ENAS/AVIP  55369 

AP.AI  TECHNICAL  ."ANACER  FOR  0011185101  CONTROL 
BENNIE  COHEN  ATWAL/NISA  5SIC8 

tfMl  AVICNIC  CORROSION  PRCSlfKS 

GEORGE  CLEHSKI  3FWAL/HISA  55457 


Wc  can  u»*  the  following  addi¬ 
tional  auggeacion*  (Viewgraph  13)  co 
enhance  the  progran.  Ue  plan  to  u»a 
Cha  NAVMAT  philosophy  to  develop  the 
first  two  bullets.  Froa  a  corrosion 
control  viewpoint,  we  would  like  co 
see  contractors  assign  oaterlals 
engineers  to  review  and  approve  elec¬ 
tronic  design  and  aanufacturlng 
processes  and  to  the  corrosion  pre¬ 
vention  advisory  board  (CFAd's)  shown 
In  bullet  3.  Materials  of  bullet  4 
can  ba  provided  In  a  sanitized  ver¬ 
sion  with  any  request  for  proposal 
(KfP).  AC  ASO,  Che  cognizant  people 
In  Avionic  Corrosion  ere  the  follow¬ 
ing  (Vlewgraph  14). 


VERIFY  DESIGN 


1x4- 


•  ANALYSIS 

•  DRAWING  VERIFICATION 

•  TEST 

•  EFFECTIVE  IN  PRECIPITATING  OUT  FAULTS  BEFORE  THE 
SYSTEM  IS  DEPLOYED 

•  APPLICATION  OF  INCREASINGLY  COMPLEX  ENVIRONMENTS 

.  COMBINED  ENVIRONMENT  RELIABILITY  TESTING  (CERT) 

•  TEST  TO  OBTAIN  FAILURE  &  IMPLEMENT  FIXES 

•  DESIGN  REVIEWS 


ACTIV  113 

A  test,  anal/ze,  and  fix  program  can 
be  used  to  assure  the  design  is  going 
to  be  effective  in  the  expected 
environment . 


ACTIV  #13 

Dr.  Bill  Dobbs  will  now  discuss 
failure  diagnosis  which  could  be  used 
in  a  test,  analyze,  and  fix  program. 


•  FAILURE  DOCUMENTATION 

•  RESEARCH  DEVICE  CHARACTERISTICS 

•  INDEPTH  COMPONENT  ANALYSIS 

•  ESTABLISH  FAILURE  MODE 

•  CORRECTIVE  ACTION 


*  S«1 f-cxplanatory . 


ELECTRONIC  FAILURE  ANALYSIS 


P 

SEM  6  TEM 

0 

SURFACE  ANALYSIS 

0 

CHEMICAL  ANALYSIS 

o 

CERT 

0 

SAMPLE  MOUNTS 

0 

ANCLE  LAPPING 

0 

THERMOCRAPHY 

0 

LIQUID  CRYSTALS 

p 

IR  MICROSCOPE 

p 

PINT) 

p 

WIRE  BOND  PULL  TESTER  i 

p 

PROBE  STATION  4  ELECTRICAL  TEST 

•  List  of  electronic  failure  analysis 
techniques. 


*  The  next  two  viewgraphs  are  photographs  of  two  instruments  used  in  electronic  failure  analysis 

*  The  first  viewgraph  shows  an  engineer  using  an  optical  microscope  to  examine  a  failed  integrated 
circuit 

*  The  second  viewgraph  shows  a  specimen  being  placed  in  the  scanning  electron  microscope 

(Not  shown  in  notes) 


*  Scanning  electron  microscope  (SEM) 
used  to  measure  electron  beam  induced 
current  (EBIC)  in  semiconductor  device 

*  Semiconductor  sample  is  placed  in  the 
SEM  and  tne  sample  current  is  measured 
by  the  logarithmic  amplifier  before 
it  is  displayed  on  the  x-y  plotter. 

*  Dark  arrow  represents  electron  beam. 

*  Provides  information  on  the  minority 
carrier  diffusion  length. 


LOG  -  REC 
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*  a  photograph  la  presented  showing  an  angle  lapped  sample  (microwave  transistor) 


Wm  ^TSh5d  M  WAl  ANALYSIS 


•  V.  ?  ; 


*  Liquid  crystal  analysis  shows  use  of 
nematic  liquid  crystals  to  Identify 
active  circuit  elements 

*  The  circuit  is  viewed  through  the 
cover  glass  with  polarized  light 

*  Liquid  crystals  above  a  biased 
conductor  are  oriented  differently 
than  those  above  an  unbiased  material 

*  Polarized  light  shows  difference  in 
crystal  orientation 


The  next  two  vlewgraphs  are  IR  microscope  images  of  a  CMOS  capacitor  -  the  first  is  a  top  vJew 
and  the  second  is  a  bottom  view 


(Not  shown  in  notes) 


The  next  viewgraph  is  a  photograph  showing  nailheading  and  a  crack  in  the  inner  conductor  foil  of 
a  plated  through  hole  in  a  PWB 


(Not  shown  In  notes) 


CHEMICAL  ANALYSIS  METHODS 

•  INFRARED,  VISIBLE  4  ULTRAVIOLET  ABSORPTION 

•  RAMAN  SPECTROSCOPY 

•  X-RAY  DIFFRACTION 

*  Methods  of  chemical  analysis  which  are 

•  ATOMIC  ABSORPTION  us8d  ln  analysis 

•  CAS  &  LIQUID  CHROMATOGRAPHY 

•  MASS  SPECTROMETRY 

•  WET  CHEMICAL  4  MICR0ELD1ENTAL  ANALYSES 


L36 


n-rfVrrn 


Q  © 


Suctbokop*  (ACS) 
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SccoNOMf  Ion 
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SnCTBOJCOBt  (CSCA) 
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\/ 

Ion  Sottciim 
SrtCTBOJCOBt  (ISS) 


*  Surface  analysis  techniques  used  for 
the  detection  of  contamination  or  any 
changes  associated  with  a  thin  atomic 
layer 

*  Schematic  representation  of  four 
surface  analysis  techniques 

*  Illustrates  the  interaction  o £  the 
excitation  beamwith  the  surfaceunder 
examination 
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•  Description  of  the 
photoelection  processes 


Auger  and 


AftAtVra 

CMIOl 
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A  schematic  r e p r e s en t a t i on  of 
Instrument  used  for  ACS  and  CSCA 


sputter  ion  gun 
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A  schematic  representation  of 
instrument  used  for  ISS  and  SI.MS 
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/  r  SPECIMEN 

RCA  FILAMENT  ^ 

'sPUTTERTO  IONS 
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*  Shows  Auger  signal  from  a  cathode 

*  The  top  curve  is  for  a  contaminated 
cathode 

*  The  bottom  curve  is  for  a  cathode 
that  isn’t  contaminated 


Oi«peftscr  Caihodt 

-~-r^TT6  eV  v~.- 1350 
^rn^*c»0.3>«e  .1 

-  ~  ~~  ^OATl  .  ■»  _ 


I LICTH0N  IMtHOV 


*  The  next  two  viewgraphs  are  in  reference  to  the  previous  viewgraph  (Auger  signal  from  a  cathode) 

*  The  first  shows  Auger  maps  of  an  oxide  cathode 

*  The  second  shows  Auger  maps  of  a  contaminated  cathode 

(Not  shown  in  notes) 


MAJOR  SOURCES  OF  ELECTRONIC  FAILURE 


IMPROPER  MATERIALS  SELECTION 
MANUFACTURING  PROCESS  DEFICIENCIES 


*  Self-explanatory. 


INADEQUATE  SPECIFICATIONS 


*  The  next  three  viewgraphs  concern  a  certain  failure  analysis  project 

*  The  first  viewgraph  contains  a  photo  of  a  munition 

*  The  printed  rcuit  boards  are  separated  by  a  polyvinyl  chloride  (PVC)  vibration  dampening  roar 

*  Mechanical!./  the  dampening  foam  worked  well  but  chemically  the  foam  released  chlorides  whicr. 
collected  on  the  printed  circuit  boards  in  the  device 

*  The  transistor  failures  were  traced  to  chloride  contami nation  and  small  amounts  of  moisture  caused 
severe  corrosion  of  the  chloride  contaminated  printed  circuit  board 

*  The  second  viewgraph  shows  a  chloride  contaminated  transistor  from  the  munition  (darn  areas 
represent  where  it  was  burned) 

*  The  third  viewgraph  shows  a  FWB  from  the  munition  with  chloride  contamination  from  foam 

(Not  shown  in  notes) 


*  The  next  viewgraph  is  a  photo  of  a  pW'B  contaminated  with  corrosion  products  which  snort  out  the 
circuits 

*  This  unit  was  received  new  from  the  manufacturer,  stored  for  nine  months,  biased,  and  identified 
as  a  failed  part 

*  During  manufacturing,  solder  flux  residues  contaminated  the  board  and  weren't  adequately 
cleaned  from  boards  before  conformal  coating 

*  With  the  addition  of  a  snail  amount  of  moisture,  entrapped  contaminates  easily  caused  corrosion 

(Not  shown  in  notes) 


O.n  .v  .> 
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*  The  next  two  viewgraphs  concern  a  gallium  arsenide  diode  that  was  failing  at  a  high  rate 

*  Tne  first  viewgrapn  shows  the  chip  sitting  on  a  header  and  the  light  area  on  top  is  a  gold 
contact 

*  The  chip  was  pressed  into  silver  loaded,  conductive  epoxy 

*  The  viewgraph  shows  a  cross-section  of  the  chip 

*  It  shows  how  the  conductive  epoxy  was  flowing  around  the  diode  edges  and  shorting  out  the  p-n 
junction 

*  It  was  determined  that  more  care  was  needed  in  placing  the  diode  in  the  epoxy 


(Not  shown  in  notes) 


*  I?*  2?xt  tw?  v*ew9r*phs  concern  a  hybrid  package  that  contained  4%  moisture 
The  first  viewgraph  shows  the  hermetically  sealed  package 

*  Pac*a9*  passed  a  fine  leak  test  -  indicates  the  moisture  was  sealed  in  during  manufacturing 
The  second  viewgraph  shows  the  gross  corrosion  on  one  of  the  IC's  in  the  hybrid 

(Not  shown  in  notes} 


notharboard  °  vi*'",raPfl’  ‘bo**  b  ballad  powac  aupply  cbai  bad  pettad  nodules  aoldarad  onto  tba 

(Not  shown  in  notes) 


example  o  £  computer  aided  transient 
analysis  of  a  circuit 

Accomplished  witn  the  SPICt  program,  a 
general  purpose  circuit  simulation 
program  developed  oy  tne  University  of 
Cal i f orn  ia 

Allows  data  to  d  e  collected  or 
hypothesis  examined  in  ways  that  are 
impractical  experimentally 


V*  «\  A  •* .  /. 


*  The  next  four  viewgraphs  concern  a  potted  module 

*  The  first  viewgraph  is  an  x-ray  of  the  potted  module  and  shows  the  IC  package 

*  The  second  and  third  viewgraphs  both  show  the  exposed  IC  and  it  can  be  seen  that  it  s  of  on¬ 
shore  vintage 

*  The  fourth  viewgraph  shows  the  IC  with  the  lid  removed  and  shows  excessive  bonding 


(Not  shown  in  notes) 


*  The  following  four  viewgraphs  show  a  thin  film  chromium  resistor 

*  The  first  viewgraph  shows  a  failure  in  the  resistor  (arrow) 

*  The  second  viewgraph  shows  a  failure  in  the  resistor  that  occurred  at  the  corner  (arrow) 

*  The  failure  was  caused  by  electrooigrat ion  of  the  chromium  into  the  aluminum 

*  The  third  viewgraph  is  an  optical  shot  with  the  arrows  marking  contamination  that's  visible 
through  the  glass  coating  on  the  resistor 

*  The  fourth  viewgraph  points  out  the  same  two  failures  as  the  third  viewgraph 

*  Glass  was  removed  from  the  resistor  in  the  photo 

*  High  package  moisture  content  and  contamination  accelerated  the  failure 


(Not  shown  in  notes) 


CONCLUSIONS 


IMPROPER  MATERIALS  SELECTION,  MANUFACTURING 
PROCESS  DEFICIENCIES  AND  INADEQUATE  SPECIFICATIONS 
ARE  RESPONSIBLE  FOR  83%  OF  THE  ELECTRONIC  FAILURES 

ELECTRONIC  FAILURE  ANALYSIS  IS  A  HIGH  PAYOFF  AREA  - 
A  KEY  TO  IDENTIFYING  ANO  CORRECTING  DEFICIENCIES 


•  Self-explanatory. 


CORRECTIVE  ACTION  COST  IS  USUALLY  LOW  FOR 
MANUFACTURER  •  P.OI  IS  USUALLY  HIGH  FOR  AIR  FORCE 

PRODUCT  ASSURANCE  IN  ELECTRONICS  NEEDS  EMPHASIS 


•  ^  ^  v‘  ■  ’  *  '  • 
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CONTROL  FABRICATION 


MANUFACTURING  TOOLS  • 

STATISTICAL  QUALITY  CONTROL 
IN-PROCESS  INSPECTION 

•  SAMPLES 

•  MANUAL  DATA  BASE 

•  TRACK  TENDENCY  TO  DRIFT 
DIRECT  PROCESS  CONTROL 
ON-LINE  INSPECTION 

•  100H 

•  AUTOMATED  OAT  A  BASE/DATA  LINKS 

•  REAL  TIME  CONTROL 
EARLIER  IN-PROCESS  CONTROLS 

•  STRESS  SCREENING 
«  FAILURE  DIAGNOSIS 

-  PEOPLE  (WORKMANSHIP) 

-  PARTS  (MATERIALS) 

-  PROCESSES 

-  DESIGN 

FAILURE  FREE  ACCEPTANCE  TEST 


STRESS  SCREENING 


HEAD  UP  DISPLAY  SYSTEM  STRESS  SCREENING 

MUtCMI  AVIONICS  LTD..  NOCMtSTEft,  I *6 LAND 

COST  OF  NOT  SCREENIN' 

COST  OF  ASSURE  5^1  |  ASSUH  2 SI  j 

total  parts  total  1  :  screening  found  at  carl  found  at  unit  iota. 

SCREENED  I  DEFECTIVE  |  DEFECTIVE _ 

1.800K  14SK  |  174.6K  280.SK  807. ;K  1.088* 

- 1- - 

1.73CK  15.5K  |  .89  215. 3K  •  292. 8K  842. 9r.  1.136K 


ACTIV  115 
Self-explanatory , 


.22 

|  174. 6K  | 

.89 

I  215. 3K  !• 

YU? 

mw«s  ijwna 

1980 

913K 

| “.6:1 

1981 

1  920K 

i  3.9:1 

ACTIV  915 

Here  Is  an  example  to  show  the  effect 
that  stress  screening  at  the  lowest 
level  of  assembly  can  have  on  manufac¬ 
turing  cost.  Marconi  Avionics  LTD 
definitely  experienced  a  savings. 
Note  that  the  money  figures  are  in 
English  pounds. 


PARTS:  HIGH  RELIABILITY  COMPONENTS  KU-A-3851Q  LEVEL  B 
SCREEN:  "!l-STL-883  GROUP  A  TEST 

rafltaaillty  of  far  ttraaa  ScraasUi."  US  ISO  f 

"iM,  »»-:i  »«u:  i»*i 


ESSE H  IS  EFFECTIVE 


ACTIV  #25 

Mr.  Phillip  Hermes  will  now  explain 
why  environmental  stress  screening 
(ESS)  is  effective. 


PHHLIPH  Hf  AMES 
ASDfVYEt  i  X 5684 5) 


OVERVIEW 
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•  ESSEH  EFFECTIVENESS 

•  TRADITIONAL  FAILURE  DISTRIBUTIONS 

•  CONCEPTUAL  APPROACHES  TO  ESSEH 

SLF  EiPlASMORY 

•  PARTS 

•  CIRCUIT  BOARDS 

•  UNITS/SYSTEMS 

•  STATEMENT  OF  WORK  APPROACH 

•  SUMMARY 


© 


ESSEH  TEST  EFFECTIVENESS 
%  MISSILE  GUIDANCE  SECTIONS 


THIS  Tf*T  WAS  DESIGNED  TO  IVALUATl  ESS  TEST  EFFECTIVE  IK  SS  AT  CIRCUIT  BOA*. 
LEVEL  OF  ASSEMBLY  . 

GROUPS  OF  13  CIRCUIT  BOMBS  WISE  EXPOSED  TO  NO  SCREENS  AMO  TO  DIFFERENT  TYRE: 


CIRCUIT  BOARD 
TEST  CATEGORIES 

•  UNSCREENED 
•TEMP  CYCLING 
10'C/MINUTE 
2Q"DMINUTE 

POWER  ON 
OFF 


%  GUIDANCE  SECTIONS 

THAT  FAILED 

13  CIRCUIT  BOARDS 
PER  GUIDANCE 
SECTION 

FUNCTIONAL 
CHECKS  AT 
ROOM  TEMP 

PRODUCTION 

RELIABILITY 

ACCEPTANCE 

TESTS 

NA 

18 

18 

1 

20 

12 

18 

•  [ 

38 

7 

»  1 

n 

— 

[ 

33 

11 

in 

ii 

5 

ii 

NOTES:  •  CANNOT  ACHIEVE  20»QMIN  AT  UNIT  OR  SYSTEM 

SCREENS 

•  CIRCUIT  BOARD  SCREENS  PRIMARILY  USEO  TO 
STIMULATE  LATENT  OEf ECTS 

•  UNIT/SYSTEM  LEVEL  SCREENS  PRIMARILY  USED  TO 
CHECK  PERFORMANCE 


OF  SCREENS. 

•  THE  NO  SCREEN  CATEGORY  WAS  THE  "CONTROL*  CATEGORY.  NHICM  REPRESENTS  TRADITIONAL 
nniTARY  REQUIREMENTS. 

•  THE  RESULTS  INDICATE  THAT: 

"20°C/mN  TEMPERATURE  RATES  ME  TRICE  AS  EFFECTIVE  AS  IC°C/MIN  IN  STIMULATING  LATENT 
DEFECTS  AT  THE  CB  LEVEL  Of  ASSEMBLY. 

*20°C/m|N  has  The  MOST  COST  EFFECTIVE  DISTRIBUTION  OF  DEFECTS  FOR  A  PRODUCTION  PROGRAM 

(38-7-9). 

"CIRCUIT  board  POWER  "on"  is  TWICE  AS  EFFECTIVE  as  power  "off"  AT  The  C8  LEVEL. 

"unit  OR  system  LEVEL  FUNCTIONAL  CHCCXS  OR  SCREENS  ME  MORE  £f*€CYlvt  t OR  EXPANOtt 
PERFORMANCE  CHECKS  than  FOR  STIMULATING  LATENT  DEFECTS.  THUS.  TnE  t“*HASIS  SHOULD 
BE  TO  STIHULATE  LATENT  DEFECTS  AT  THE  LOWER  LEVELS  OF  ASSEMBLY  AND  C-ECK  P£R*ORmanCE 
AT  THE  HIGHER  LEVELS  OF  ASSEMBLY. 

•  THIS  TEST  WAS  DESIGNED  TO  SEPARATE  THE  EFFECTS  OF  DIFFERENT  SCREENS  FROM  A  STATISTICAL 
VIEWPOINT.  IT  ALSO  INCLUDED  CB  EXPOSURE  TO  6.  12.  24.  AND  48  THERMAL  CYCLES.  WITH 

24  CYCLES  FOUND  TO  BE  MOST  COST  EFFECTIVE.  ThC  Cl  'EMPERATURt  EXTREMES  WERE  -mO°C 
TO  ♦75°C. 

R  CB  SCREENS  REDUCED  M£lD  RETURNS  BY  4:1. 


ESSEH  COST  EFFECTIVENESS  -  EQUIP.  SYSTEM  "A" 


CIRCUIT  BOARDS 

UNITS 

SYSTEM 

FIELD 

•  TEST  COST/ITEM 

50  69 

S262 

54.600 

NA 

•  FIX  COSTlDEFECT 

S66 

S246 

SI. 506 

S4  000 

•  OEFECTS/EOUtV 

48 

19 

4 

NA 

SYSTEM 

1546  C0s> 

(27  UNITS) 

COST  PENAL  TV'S YSTEM  FQW  NOT  CONDUCTING  CB  SCREENS 


*  CIRCUIT  BOARO  SCREEN  *  NO 

DELETE  CB  TEST  COST  SO  69  X  S86  *  S404 
DELETE  CB  FIX  COST  $66  X  48  a  53.264 

TOTAL  COST  REDUCTION  S3  666/SYSTEM 

UNirsCREEN  *  YES.  50s.  EFFECTIVE 

ADD  UNIT  Fix  COST  S246  X  24  *  S5.904 
AOD  FIELD  FIX  COST  54  000  X  24  *598000 

TOTAL  COST  INCREASE:  StQT  236/SYSTEM 
COST  PENALTY  S9B.236/SYSTEM 


0  'C. 

•  EQUIPMENT  SYSTEM  *A*  IS  A  COMPLEX  AIRCRAFT  RAOM  SYSTEM  WITH  27  LRUS.  $8o  CIRCUIT  BOAR: 
AND  47,302  ELECTRON! C  PARTS. 

•  435  SYSTEMS  i*ftC  PRODUCED  DURING  1572-79. 

•  TNI  PRODUCTION  COST  NMES  WERE  DEVELOPED  BY  A  ITuOY  OF  MANHQuRS  CONSUMED  AT  125.— 

•  CIRCUIT  BOARD  SCREENS.  46  7WRMAL  CTCUS.  -60°C  TO  ^5°C.  I5QC/MIR.  POWER  OFI. 

•  ANYONE  CAN  *wOM-TmE  NUMBERS*  IN  THE  BLOCKS  TO  DETERMINE  Th|H  own  *«ASURC  3F  Ej; 

COST  effectiveness. 

•  TK  EXAMPLE  GIVEN  ASSUMES  THAT  UNIT  LEVEL  SCREENS  ARC  \  A]  E*rtCTtvi  AS  CIRCUIT 

BOMD  SCREENS  IN  lATSVT  7 fFFr*3  (unit  and  SYSTEM  SCREENS  HILL  AL-AVS 

"pica  up*  PERFORMANCE  ANOMALIES  NOT  DETECTED  AT  THC  CIRCUIT  BOARD  LEVEL ‘ 

•  OR  THE  OTHER  hand,  UNI*  AND  SYSTEM  LEVEL  SCREENS  CANNOT  ACHIEVE  THE  COST  !FFE;T;yE 

TEMPI  RAT '.RE  RATES  (‘5°:  T0  T^C/MIh)  . .  >t. 

•  IT  SHOULD  BE  NOTED  THAT  CIRCUIT  BOARD  SCREENS  PROVIDE  "rEAl-M**  FRDScCTIOm  rojT  ,*» 
SCHES-.LE  SAYINGS  FOR  T*E  CONTRACTORS:  AS  -ELL  AS  L0HG-*T«m  CDS’  SAVINGS.  fO 
IMPROVE -£17$  in  MISSION  EFFfC-IVINCSS.  FCR  THE  MILITARY  SERVICES. 
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ESSEH  SCHEDULE  EFFECTIVENESS 


0 


•  3  AXIS  RANDOM 
VIBRATION  20 


PARTS  NUMBERING  EQUIP.  SYSTEM  "A"  RESUETS 
RAMIFICATIONS  67%  DEFECTS 

BEING  EXPLORED  ELIMINATED 

AT  CB  LEVEL 


MM/AXIS 

•  5  TEMP  CYCLES 

30  MIN  DWELLS 

•  CONTINUOUS  PERF 


CHECKS 


0 

•  T«  TEST  T IICS  SHOWN  MU  TEXT  TIME  BEOS.  THEY  DO  NOT  INCLUDE  'OOWM-T |n:  ' 

FM  CONNECTIVE  ACTIONS. 

•  ESSEN  IS  VENT  CONN  AT  ISLE  WITH  PRODUCTION  SCHEDULES  SINCE  HOST  OF  TEST  TtN«  IS 
DONE  AT  TW  LCVEB  LEVELS  OF  ASSEMBLY  AT  VAAIOUS  SUBCONTBACTONI  PLANTS  *ITh  Vt«‘ 
LITTLE  TEST  TINE  SPENT  AT  T*  AVIONIC  CONTBACTONS  PLANT  AT  TOC  FINAL  ASSEH&L* 

LINE.  IN  OTHER  MONOS  TEST  INC  |S  DISPERSED  AT  VARIOUS  LOCATIONS  NMJCH  HEANS 
THAT  TEST  INC  CAN  «  DONE  CONCURRENT  RATHER  THAN  SEQUENTIAL. 

•  This  APPROACH  ALSO  HAKES  each  HANUEACTUBEB  responsible  for  its  0***  OuALITT  level. 

•  IT  is  NOT  UNUSUAL  TO  HAVE  PRAT  REPLACED  IT  ESSEH  IN  THOSE  CASES  WHERE  PRAT  IS 
INCOMPATIBLE  MITH  PROOUCT’Oh  SCHEDULES. 

•  ESSEH  IS  EVEN  MORE  SCHEDULE  EFFECTIVE  THAN  PRAT  when  YOU  CONSIDER  Tw£  ”DOhh-T|HE* 
DUE  TO  CORRECTIVE  ACTIONS  AT  Tm£  UNIT  LEVEL  OF  ASSEMBLY .  SINCE  ESSEH  HAS  ALREADY 
IDENTIFIED  l  ELIMINATED  HOST  OF  THE  DEFECTS  AT  THE  LOHtB  LEVELS  OF  ASSEMBL*. 

t  AN  A$D/Af  ALC/tESC  AD  HOC  GROUP  IS  PRESENTLY  working  The  PUCE  PART  SCREEN  I  NO 
ISSUE.  THE  HOST  LlAELY  OUTCOhE  MILL  BE  TO  INCLUDE  THE  DELTA  SCREENS  IN  THE 
HIL-STD  SCREENS. 


TRADITIONAL  FAILURE  DISTRIBUTIONS 


0 


0 


development  production  cost  per  eouip 

_  TESTS  TESTS  SYSTEM  "A' 

UNIT  level]  IuNIT  level]  TEST  COST/UNIT:  S262 

30%  PART  80%  PART  FIX  COST/OEFECT:  S246 

FAILURES  FAILURES 

*  9 


•  IF  WE  FCUCW  TIC  TRAIL-  OF  T*  FAILURE  CATEGORY  *?1E  CHAR!?* 
THROUGH  THE  LEVELS  OF  ASSEMBLY.  IT  1$  ROT  DIFFICULT  TO  CCSCUT: 
that  SIGNIFICANT  J*WCVE* NTS  CAN  K  "JC£  IN  ESSEH  BY  IMPROVING 
THE  ELECTRONIC  PIECE  PART  SCREENS.  ESPECIALLY  FOR  HICROaECTR.NIC 
DEVICES  t  DISCRETE  SEJMCOW-tTOtt. 


MORE  COST  EFFECTIVE  APPROACH 

TEST  COST/CB:  SO. 69 
FIX  COST/OEFECT:  S68 

* 


CIRCUIT  BOARQ  LEVEL 
60° o  PARTS  FAILURES 


MORE  COST  EFFECTIVE  APPROACH 
[EFFECTIVE  PARTS  SCREENS  1 


TEST  COST/PART:? 
FIX  COST/OEFECT:? 


•  FINDING  PARTS  DEFECTS  AT  HIGHER  LEVELS  OF  :SCL“.3LY  COST  THE  CONTRACTORS  t  THE 
AIR  fOPCE  AWE  MONEY  THAN  NECESSARY  TO  ACHIEVE  PRCGRA.1  OBJECTIVES. 

•  ALSO.  APPLYING  ESSEH  *0  KASCWARL  SCHEMED  FOR  RVELC?rENT  *ESTS 
WILL  SlSNfF ICANHY  REDUCE  THE  COST  i  SCHESlLE  IV«CTS  >ESE 
TESTS.  AND  IT  VlU.  «0VIS£  ThE  CCNPACTCRS  WITH  AN  EXPEDIENCE 

TO  SO??:®!  DEVELOP**;  of  A  PRODUCTION  ESSEH  PSjSRV. 


CONCEPTUAL  APPROACH  TO  PARTS  SCREENS 


0 


•  20  THERMAL  CYCLES*  — *0* 
TO  ♦  ‘OO'C.  JO  *  -  MIS.  ’5 
MIS  D'AELLS,  POWER  'JFC, 
CHECK  AT  TE3  TEST 

mote  parts  numbering 

RAMif  ICAHONS  BEiNG 
C  aPLORED 


•  thebe  should  k  hany  different  approaches  to  essim  a  ho  these  approaches  should  • 

CONSTANTLY  CHANGING.  BASED  ON  ’LESSOnS-LEMhlD*  AND  ON  Twl  'NTBOOoCTIOh  06  M"  •«' 
DESIGN  APPROACHES. 

•  ON  THIS  VG  t  TH£  FOLLOWING  2  VGs.  I  HILL  BEVItw  OWE  0*  haWY  POSSIBLE  APPROACHES  to  list* 
»f  The  YKBTS.  CIBCUIT  BOARDS.  MO  lNIT/IYSTEH  LEVELS  0*  ASSEMBLY. 

B  TK  Dl STB : BUT  IONS  IN  THIS  ^G  KB£  BASED  CN  VABIOUS  LITERATURE  SOURCES.  ’hE  r : S -6 IK-  UN 
iCTHEIN  -UTASTBOOHIC  Fa:luBCS'  AND  #OUT-OF-tOLERaNCE*  failures  15  typ-all*  c:L:.CI. 

B  OF  l»ABTi'ULA»  NOTE  15  'HE  "0SS1BILITY  Of  PININI21NG  ’HI  COST  Of  KAO*  »E.EC*!  .  ,.t..  ONLY 
t-:Z  "f  *t;’ED  FARTS  ARE  Thrown  away .  IT  SEtJ»S  THAT  a  BUSINESS  S‘BAH-5*  s  reojire:. 
to  hin:h;;e  ;;st  of  kart  rejects,  which  is  acceptable  "C  all  pkb’ii:. 

•  another  A10*Al»  WITH  KARTS  SCREENS  .S  “MAT  '’c'  l3‘.  :C‘J6  am  * 

A  SAHOCH  FASHION.  A  'OulCfKFAC’IO*'  DATA.  "ANAGEHt  VT  ,  V  t  •«  a  l  HE  E »  !  Sv  S*  T  T  t •  »E..;fctD 

TO  tff I CT  I  »t  L  F  ADOBE CS  This  ANOMALY. 
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CONCEPTUAL  APPROACH  TO  CIRCUIT  BOARD  SCREENS 


•  CHECK  REJECTED  PARTS  (4) 

•  CONDUCT  FAILURE  ANALYSES  IS) 


NOTES 

(1)  DEVELOP  QUICK-REACTION  SYSTEM  FOR  INFREQUENT  LOT 

PROBLEMS 

(21  ESS:  20  THERMAL  CYCLES,— 40*  TO  ♦  100*C,  20'C/MIN  15  MIN 
DWELLS,  POWER  OFF,  CHECK  PERF  AFTER  TEST 

(3)  ESS  SUGGESTED  PRIOR  TO  CONFORMAL  COATING  TO  SIMPLIFY 
DEFECTIVE  PART  REMOVAL  WHILE  MAINTAINING  COATING 
INTEGRITY 

(4)  PAST  ANOMALY:  50%  OF  REJECTED  PARTS  CHECKED  OUT  GOOD" 
AT  PART  LEVEL  CHECKS 

(51  FAILURE  ANALYSES  IS  CRITICAL  TO  PROBLEM  SOLUTION  BUT  IT  IS 
SELDOM  DONE  ADEQUATELY  IN  A  PRODUCTION  ENVIRONMENT 


a 


•  T«  CliCUlT  kUU  Mtt  AVIONICS  CONTRACTORS  ALSO  «C£0  A  'OUICK-KCACTIO*'  jrJTt- 

TO  EFFICIENTLY  AllMCSS  RANDOM  LOTS  OF  'l«*  FARTS.  WHICH  OCCUR  ON  AN  INFREQUENT  BAS !  _ 

R  ANOTHER  IMPORTANT  SCREEN  I  NS  ACTIVITY  IS  to  CHECK  THE  BARE  BOARDS  for  OPENS/ SHORTS 

AND  FOR  INSU.AT10N  RESISTANCE  ANOM*  T«  1  NBC  DOCD  CIRCUITS.  ALSO  CHECK  FQ»  DLL  AN  1  HAT  10'. . 

R  PERFORMANCE  CHECKS  SHOULD  IE  ACCOMPLISHED  AFTER 

BOARD  ASSY  -  TO  IDENTIFY  DEFECTS  SENERATED  BY  BOARD  ASSEMBLY  PROCESS 
BOARD  ESS  ’  TO  IDENTIFY  DEFECTS  SURFACED  BY  ESS 

CONFQAHAL  COAT INC  -  TO  IDENTIFY  DEFECTS  SURFACED  BY  HISH  TEMP  DuRINS 
PROCESS  (CONFORMAL  COAT  I  NS  IS  A  THERMAL  SCREEN) 

•  A  CRITICAL  Part  of  the  c»  screening  process  is  to  check  the  performance  of  The 
INDIVIDUAL  PARTS.  AFTER  7«Y  HAVE  BEEN  IDENTIFIED  AS  BEING  DEFECTIVE  DURING  Th£ 

CB  PERFORMANCE  CHECKS.  PARTS  IDENTIFIED  AS  DEFECTIVE  AT  THE  CIRCUIT  BOARD  LEVEL. 

WHICH  ARE  LATER  FOUND  TO  BE  GOOD  AT  THE  PART  LEVEL.  CAN  QUICKLY  INCREASE  SCREENING 
COST  |F  THIS  ANOMALY  IS  NOT  HIG#K.IGHTCD  AND  CORRECTED. 

R  PARTS  IDENTIFIED  AS  DEFECTIVE  AT  THE  CB  AND  PART  LEVEL  SHOULD  UNDERGO  EXTENSIVE 

FAILtffC  ANALYSES  (MATERIAL  LAB.  ETC.)  TO  DETERMINE  THE  FAILURE  MOOES.  THIS  ACTIVITY 
IS  ESSf NT  ILL  TO  PROBLEM  RESOLUTION.  THIS  ACTIVITY  HAY  BE  THE  MEANEST  LINK  IN  THE 
CONTRACTORS  CB  SCREENING  APPROACH,  THIS  WEAKNESS  IS  ALSO  filLATEO  TO  FEEDBACK  INHUMATION 

to  the  parts  vendors  and  to  the  lack  of  contractor  agreement  ahong  contractors  to 

ADDRESS  FAILURE  ANALYSES  AND  CORRECTIVE  ACTION  RESPONSIBILITIES.  THIS  WEAKNESS  IS 
REFLECTIVE  OF  CONTRACTORS  REACTION  TO  NlL-STD  REQUIREMENTS  WHICH  ARE  LIH1TEC  TO  'G0'/*N0C0‘ 
SCREENING  CRITERIA. 


CONCEPTUAL  APPROACH  TO  UNIT/SYSTEM  SCREENS 


NOTES 

(II  UNIT  ESS  -  3  AXIS  RANDOM  VIBRATION,  30  .00  HZ,  0.04G2/MZ,  JO  MIN/ 
AXIS 

«  5  THERMAL  CYCLES,  MAX  CHAMBER  TEMP  RATES,  MAX 
EQUIP.  COOLING  RATES,  -40*  TO  ♦  T1-C  CHAMBER  TEMPS, 
CONTINUOUS  PERF  CHECKS,  30  MIN  DWELL  TIMES,  LAST 
TWO  CTCLES  FAILURE  FREE. 

(21  SYSTEM  ESS.  TEMP  CYCLING  SAME  AS  UNIT  ESS 
(31  LEVEL  OF  PERFORMANCE  CHECKS  IS  IMPORTANT.  NEEDS  TO  BE 
BETWEEN  BIT  t  APT  WITHIN  PRACTICAL  MEASUREMENT 
CONSTRAINTS  NEED  OATA  SYSTEM  TO  RELATE  RESULTS  AT  ALL 
LEVELS  OF  ASSEMBLY 


SOW  APPROACH 

ENVIRONMENTAL  STRESS  SCREENING  Of  ELECTRONIC  HARDWARE 

•  OBJECTIVE 

•  HARDWARE  SCOPE 

•  AIRBORNE  ELECTRONICS  (NEW  OR  MAJOR  MOOS) 

•  MICROELECTRONICS  A  SEMICONDUCTORS 

•  FSO  ACTIVITIES  TO  DEVELOP  ESSEM 

•  STUDIES 

•  VENDOR  INTERFACES 

•  RESULTS  OF  FSD  TESTS 
(FAILURE  MOOES) 

•  EXPERIMENTS 

(EXPLORE  ALTERNATIVES)  APPLY  TO  HAROWARg  FOR 

•  FSD  BASELINE  ESSEH  A  •  ENVIRONMENTAL  QUAL 

(DEFINE  IN  SOW) 

•  VIBRATION 

•  PROPOSE  PRODUCTION  APPROACH 

(FOR  PROCURING  ACTIVITY  APPROVAL)  *  TEMP, ALTITUDE 

•  PRODUCTION  ESSEH  ACTIVITIES  *  HUMIDITY 

•  IMPLEMENT  INITIAL  PROCEDURES  •  ™F 

•  IMPLEMENT  DATA  SYSTEM  •  RELIABILITY  QUAL 

•  REVISE  PROCEDURES  AS  NECESSARY 


•  WITH  TIC  EXCEPT  ION  OF  TIC  RANDOM  VIBRATION  TESTS  AT  THE  UNIT  LEVEL  C- 
ASSEMBU.  TIC  UNIT  |  SYSTEM  SCREENS  ARE  PRIWULY  PERFORMANCE  Cltir: 

WHICH  ARE  ROST  EFFECT AT  THESE  LEVELS  OF  ASSEMBLY. 

•  T*  LEVEL  OF  PERFORMANCE  OCttS  IS  VERY  IRPORIANT  HERE.  THIS  IS  WHY  FULL 
ATPs  SHOULD  BE  PERFORRED  BETWEEN  STEPS  AND  Ttt  LEVEL  OF  PERFORMANCE  CHECKS 
DURING  THE  ESSEH  SHOULD  BE  MAXIMIZED  (BEYOND  BIT)  TO  TIC  EXTENT  WHICH  IS 

practical. 

b  3  AXES  OF  RANDOM  VIBRATION  ARE  REBUiRED  SINCE  VIBRATION  FAILURE  MODES  ARE 
AXIS  DEPENDENT. 

•  Q.QR  G2/HZ  IS  CONSIDERED  A  REASONABLE  LEVa  OF  VIBRATION.  AND  IT  JS  FAR  PORE 
EFFECTIVE  THAN  O.C2G2/HZ  <RE? :  6RUJTA1  STUDY).  ALTHOUGH  ONE  AV.OMlC  ESOiP 
HAD  PROBLEMS  WITH  THIS  LEVEL  (DETAILS  UNKNOWN). 

•  IKE  -40°C  LIMIT  WAS  SELECTED  SINCE  MANY  ELECTRONIC  PARTS  WILL  NOT  'START 

UP-  AT  -54°:.  AND  SINCE  A  STUDY  OF  CLIMATIC  DATA  l NU CATES  THAT  A  -4Q°C  VALUE 
WILL  “COVER*  TIC  WORST  CASE  TEMP  VALUES  FOR  MOST  OF  THE  WORLD. 


•  TIC  KEY  TO  A  CONTRACTUAL  ESSEM  APPROACH  IS  TO  PROVIDE  EXTENSIVE  “LEARNING" 
REQUIREMENTS  IN  T«  FULL-SCALE  DEVELOPICNT  (FSD)  PHASE. 

B  FROM  A  CONTRACTUAL  VIFWP01NT.  AN  FSD  BASELINE  HAS  TO  BE  WRITTEN  IN  THE  SO* 

TO  SET  ANY  MEANINGFUL  ESSEH  RESPONSE  OUT  OF  T )£  'CORPORATE '  CONTRACTS 
(CONTRACTOR  ENGilCERS  ARE  NOT  THE  DECISION  MAKERS).  THE  EXCEPTION  IN  TH1T 
CASE.  THOUGH.  IS  THAT  THE  FSO  BASELINE  ESSEH  IS  NOT  JUST  AN  ADD-ON  COST 
ACTIVITY.  BUT  RAT*R.  IT  CAN  SIGNIFICANTLY  REDUCE  THE  DEVELOPMENT  TEST  COSTS  A At 
SCHEDULE  IMPACTS  BY  ELIMINATING  PIECE  PART  |  WORKMANSHIP  FAILURES  IN  T)£  HARDWARE 
SCHEDULED  FOR  THESE  DEVELOFINT  TESTS.  THUS.  THE  DEVELOPMENT  TESTS  WILL  NOT  1AVE 
SIGNIFICANT  COST  t  SCHEDULE  PENALTIES  TYPICALLY  ASSOCIATED  WITH  *li:Z  PART 
I  WORKMANSHIP  FAILURES. 

•  AT  T»£  END  OF  FSD.  THE  CONTRACTOR  SHOULD  PROVIDE  A  COST  If  ST  PLAN  FDR 

PRODUCTION  ESSEH.  BASED  CN  1ESS0NS-LEARNEC*.  FOR  PROCURING  ACTI/IT'  -EVlEw  AND 
APPROVAL. 
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SUMMARY 


•  ESSCH  IS  EFFECTIVE 

•  TEST 

•  COST 

•  SCHEDULE 

•  f  $-20*CJMIN  TEMP  RATES  ARE  CRITICAL 

•  PIECE  PARTS 

•  CIRCUIT  BOARDS 

•  FSD  ESSEM  ACTIVITIES  ARE  CRITICAL  TO  THE  CONTRACTORS  TO 

•  GAIN  ESSEH  EXPERIENCE 

•  REDUCE  COST  4  SCHEDULE  IMPACTS/DEVELOPMENT  TESTS 

•  ESSEH  OATA  TRACKING  SYSTEMS  ARE  IMPORTANT  TO 

•  PROVIDE  -EARLY  WARNING"  OF  RANDOM  LOT  PROBLEMS 

•  INTEGRATE  RESULTS  AT  VARIOUS  LEVELS  OF  ASSEMBLY 


MILITARY  CHALLENGE  TO  INDUSTRY 

•  AVIONICS  MUST  DELIVER  2000-HOUR  MTBF 

•  DEFECTIVES  MUST  BE  REMOVED  AT  THE  LOWEST 
PART  LEVEL 

•  BUILT-IN  TEST  SHOULD  BE  LESS  THAN  10%  OF 
ELECTRONIC  PACKAGE 

•  10%  LOGISTIC  SUPPORT  CAN  BE  A  REALITY 


ANALYTICAL  QUALITY  TOOLS 

DEFECT  ANALYSIS  AND  CORRECTIVE  ACTIONS  ELIMINATE 
•  FUTURE  FAILURES 

FOR  EACH  PROBLEM  AREA.  "TEST"  OR  ASSESS 

TO  DETERMINE  AREA  OF  ORIGIN  *  Self-explanatory. 

•  DESIGN  •PARTS/MATERIAL  «PEOPLE  ‘PROCESS 

FREQUENCY  OF  OCCURRENCE  (ORDER  OF  MAGNITUDE) 

PREVAILING  ENVIRONMENT  WHEN  OCCURRENCE 
WAS  NOTED 

ESTABLISH  FAILURE  MECHANISMS 

DEVISE  ESS  TO  PRECIPITATE  FAILURES  AT  LOWEST  LEVEL 

PURGE  SYSTEM  OF  SUSPECT  PARTS,  IMPLEMENT  ESS, 

TAKE  CORRECTIVE  ACTION 

MONITOR  SUCCESS  ANO  FINE  TUNE  RESULT  ^ 


*  All  avionics  must  be  a  2000  hour  system 

*  Inexpensive  method:  force  fall  parts 

at  lowest  level  of  assembly 

*  If  force  tall  parts  at  the  lowest 
level  and  manufacture  quality  products 
then  built-in-test  need  be  only  10%  of 
the  package. 

*  2000  hour  MTBF  Is  a  4  year  failure 
free  product  so  don't  really  need  BIT 
testing. 

*  13%  logistics  support  is  possible;  if 
services  don't  change  their  ways, 
Gould  may  have  to  put  defectives  back 
in  so  maintenance  people  can 
stay  p  r  o  f  l  c  1  e  n  t  i  n  r  e  pa  i  r  of  the 
equipment. 


ACTIV  116 

Curing  the  next  break  Dr.  Joe  Capitano 
will  tell  us  why  BS5  has  been 
effective  for  Could,  Inc. 


SELF  EJPUWIMT 


H01E:  EJTTENSM  ESSEH  REFERENCE  MTUIAl  CM  S  OBTAINED  FROM  THE: 

INSTITUTE  OF  ENVIKSrfKTA-  SCIENCES 
9%0  E.  NOFTNICST  HW 
NT  PROSPECT.  IL  600S6 
(312)  2S5-1561 


READINESS  PHILOSOPHY 


FARTS 

•  "OPL~  ONLY  MEANS  THE  SUPPLIER  HAO  THE  FORMULA  ONCE. 
IT  DOESNT  GUARANTEE  CONSISTENCY 

•PROCESS CONTROL  CANT  BE  MAINTAINED  FOR  DESIRED 
MILITARY  NEED 

•  ESS  FOR  KNOWN  FAILURE  MECHANISMS 
SYSTEMS 

•  DONT  FAIL,  PARTS  FAIL 

•ALL  USE  PARTS  FROM  THE  SAME  SUPPLIERS 

•  ONLY  FAIL  WHEN  THE  DESIGN  IS  NOT  FORGIVING 
•NEED  ESS  FOR  KNOWN  FAILURE  MECHANISMS 


Receive  and  inspection  testing  is  a 
farce . 

*  It*s  expensive. 

*  Alltests  are  DC  -  only  get  AC 
tests  in  the  system. 

*  Doesn't  precipitate  failures. 

*  Doesn't  detect  problems  that  exist 
at  the  system  level 

*  IMPORTANT;  Does  give  you  agauge 
to  measure  supplier  by. 

Systems  don't  fail  -  parts  do. 

Weexpect  the  system  tosurvive 
10,000  hours,  but  we  don't  process  the 
parts  for  it. 

Utilize  GSSat  the  lowest  level  that 
may  far  exceed  the  requirements  of  the 
procurement  specification  for 
com ponen ts . 

Militaryspec  is  too  benign  to  detect 
problems. 

Unless  you  have  a  methodology  of  work 
to  force  fail  parts  and  precipitate 
out  the  defects,  you'll  always  end  up 
with  somebody  else's  rejects. 


READINESS  PHILOSOPHY  (Cont.) 

RELIABILITY 

•  SYSTEM  REQUIREMENTS,  ARE  MORE  STRINGENT  THEN 
COMPONENT  REQUIREMENTS 

•  ESS  FOR  KNOWN  FAILURE  MECHANISMS 
ANALYZE  DEFECTIVES 

•  ALL  OF  THE  KNOWLEDGE  OF  WHAT  IS  WRONG  WITH  A 
SYSTEM  IS  IN  ITS  DEFECTIVES 

•  CORRECT  FOR  DEFECTIVES  AND  YOU  EVOLVE  A 
PERFECT  SYSTEM 

•  ENSURE  CORRECTIVE  ACTION  THROUGH  FEEDBACK  SYSTEMS 

•  DEVISE  ESS  FOR  FAILURE  MECHANISMS 

ASSESS  ALL  STEPS  .  . 

•  PEOPLE  PROCESS  PARTS/MATERIAL  DESIGN 

QUALITY  IS  A  STATE  OF  MIND  THAT  CAN  8E  MANAGED 


•  Reliability  is  strengthened  because 
parts  don't  fail  -  only  failures  are 
system  nonconformities. 

•  It  analyze,  firse  ru2e  applies;  all 
of  the  knowledge  of  what's  wrong  with 
a  system  is  in  your  defectives. 

*  Assess  your  defectives 

•Understand  the  en v i r on  men t  i  n 

which  the  parts  operate  * 

•  Devise  a  methodology  to  force  fail 
parts 

•  part  specifications,  as  they  exist 
today,  wi  11  not  give  you  what  you 
need  for  the  aircraft  environment. 
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CERT  MISCONCEPTIONS 

•  CERT  IS  NOT  A  SPECIFIC 


«  TESTPROFU 

•  STRESS  RAN6C 

•  STRESS  COMBINATION 

•  ftcurr 


Be{ont  <£i*cu**ina  what  CERT  it  it  it  important  to  (intt  c lani(y  what  it  it  not.  Certain 
miiconciptiont  concerning  CERT  oj-tejt  an  to  be  treated  at  (let*.  Thut  eiitconceptiani  haul  not 
been  deliberately  perpetrated  by  any  tpeci {it  individual  on  onganitation.  Rather  incomplete 
comunicaticn. 

CERT  it  not  a  tpeaiiic  tut  profile  on  tot  o i  environmental  ttnttttt,  tuck  at  acouttic, 
thermal  and  humidity.  CERT  it  not  limited  to  an  " o{(icial' '  ttnttt  amplitudu  on  ttnut  combination . 
CERT  it  not  a  tpeci{ic  typo,  of  tut  chamber  on  a  tpeci{ic  tut  {aciJUty  at  tomt  location. 


REAUSTIC  TESTING 

•  ENGINEERING  APPROACH  TO  TESTING 

•  TAILOR  TEST  CONDITIONS 

•  application 

.  test  oataivE 

•  EQUIPMENT  DESIGN 

•  COST  EFFECTIVENESS 

•  APPROACH  GIVEN  ACRONYM  “CERT" 

•  COMBINED  ENVIRONMENT  RELIABILITY  TEST 


CERT  it  any  labonatony  tttl  {on  hardwire  reliability ,  ti{ t  improvement  on  cluracteriaation* 
in  which  environmental  ttruau  anticipated  in  actual  atagt  ant  combintd  ami  applied  timUtaneoutly 
to  the  tint  harduane  in  a  leguence  which  t  imiiatet  tht  at  aye  tetnaniat.  The  Tut  corditiont  nut 
be  tailoned  to  {it  the  planned  application,  rent  objective*,  tenlitivitiu  o{  the  handuant  detign 
and  to  be  co*i  elective. 

"Such  data  can  be  unci  at  input  {on  utimatu  o{  operational  ntadinett,  nittion  tuccett,  maintenance 
manpower  and  logistic  *u ppont  cottt. 


The  CERT  Evaluation  Program  .cat  joint  hero  nautical  Syitent  Civilian 
Wright  Aeronautical  iaboratoriu,  flight  Vijnomict  L aboratonu  (AFWAL/FIEE) 
techrucat  and  colt  ({{ectivenui  o{  Combined  Environment  Reliability  Tut 


IASV1  and  Kin  force 
program  to  evaluate  the 
(CERT). 


•aw* 

TIUl  cta.vt  outline*  Chi  CERT  concept  uing  m  intixncUZy  eanxitd  avionic*  iguipmuit  u  Me  A“ 
tiampEt.  Tht  iquiymint  ik  txpoitd  to  inv-ixo muUAl  ktniikik  in  CHt  tebenaXeny  ehuck  cuu*u  the  ) 
item  undex  tut  to  behave  u  H  it  mu  actuatty  being  (toum  uiithin  tin  aihena(t,  j 

IfcMMMliE  KICK 


DISTRIBUTION  OF  FIELD  FAILURE  MODES 


Studies  haul  faund  that  about  521  o$  avionic*  tquipntnt  fiild  baiture*  axt  znvixomtntaJtXu 
induced  tooth  fewpceitu/ie,  vibxition  And  moistuxt,  humidity  being  the  tug  th*ee  tnvixomtntal 
itAlAS  pOAameCCX*. 


}*  Jfu  that.tht  enoiAomtntaUy  based  cut*  <u ed  to  identify  tqutfmuU*  tooth  environmental 

iouotov/oaci  mi  not  ibbtAtwl.  Fox  ixojnpU  iC%  0 tf  thi  temperature  <Aductd  i<xtd  iaituxe*  mi  not 
aUvHvi  daujq jMdt&wM  tuting.  The  40%  vcUue  upxt*tnU  thou  i<Utuxi*  vhick  mi  obeerved 
auxutg  tiAto tg  but  eithtx  improper  correction  action*  ox  nothing  mo*  dont  about  then. 


'  CONCEIVED  BY  AFVYALIFIEE  EARLY  1970'$ 

'  JOINT  ASOIAfWAUPRAM  CERT  EVALUATION  PROGRAM 
(NOV  1975  -  DEC  1981) 

•  OEVaOPEO  OATA  BASE 

•  am  EFFECTIVENESS  STUINES 

•  DEMONSTRATED  PRODUCTIVITY 

•  WROTE  MILITARY  TEST  STANDARD 


'  INTERIM  TEST  STANDARD  -  MIL-STO-781C 
'  DOD  -  INDUSTRY  CERT  WOrXSHOP 

■  AFSC/AL  CERT  POLICY  LETTER 

■  ASDICC  CERT  POLICY  LETTER 
FINAL  TEST  STANDARDS 
AFR  800-18  &  AFSC  800-18 


1977 
JUNE  1981 
20  JULY  1982 
28  SEPTEMBER  1982 
SEPTEMBER  1982 
JANUARY  1983 


The  CERT  concept  mu  conceived  to  attach  Chue  pn.obttm i.  A  joint  Aeronautical  Sytteme 
Division  I  ASTI  and  Air  Force  Wright  Aeronautical  Laboratories  (AFUAL)  CERT  Coat  nation  Program  uiu 
conducted  ajter  initial  laboratory  RSO  demonstration  oj  the  concept  on  a  radar  system. 

The  CERT  Evaluation  Pnogn an  came  technical  data  jro*  which  e{  jectivenur  assessments  c<  the 
technique  were  made.  These  assessments  resutted  in  AFR  IDB-II  and  AFSC  IDD-TI  policy  statements. 

CERT  EVALUATION  PROGRAM 


•  ACCOMPLISHED 

•  EVALUATED  3  LEVELS  OF  TEST  REALISM 

•  COMPARED  TEST  TO  FIELD  EXPERIENCES 

•  PERT0RME0  TECHNICAL  AND  COST  EFFECTIVENESS  ASSESSMENTS 

'  DEVELOPED  DATA  BASE  OF  CERT  EXPERIENCE 

•  JS.75J  TEST  HOURS 

•  200  FAILURES 

•  M  DIFFERENT  UNITS  I  SYSTEMS 

•  BROAD  SPECTRUM  OF  AVIONICS  EQUIPMENTS  I  AC  COMBINATIONS 
(MS.  A  10.  F-5.  A-7.  Mil.  FB11I.  Ml 

The  CERT  Evaluation  Program  uu  a  iwuiioe  ejjort  to  evaluate  the  ejjeetivenur  o{  CERT  to 
identity  Jietd  Jaiiurt  nodee.  Thu  me  accomptuhed  by  eetecting  already  jietded  lyACemr, 
conducting  CERT  tute,  comparing  teat  to  £ietd  (aitune  model  and  devetaping  a  meaeure  o< 
correlation.  The  data  bare  generated  ii  ehown  on  thin  chart. 


i  COMPARE  EFFECTIVENESS  OF  THREE  LEVELS  OF  TEST 
REALISM 


FUU.  ENGINEERING  APPROACH 


CERT  I  WITHOUT  ALTITUDE 
TABULAR  TEST  lEVEL  M.-STD.7I10 

The  CERT  Evaluation  Program  compared  Chrct  ievett  o (  ttit  \ealiim. •  The  approach  given  the 
{abet,  CERT  I,  iuu  Jatt  engineering  approach  in  term*  oj  mcatured  data  and  compiler  cnalqi<n. 
CERT  IT  uoe  the  *ame  ai  CERT  I  except  no  attitude,  preiiurc,  variatioiu  occurred  in  the  CtAt. 
Thu  addreued  a  potential  tut  utility  eo*t  »4vug«  that  wold  be  avaitabte  rj  altitude  *<m- 
lotion  mu  not  reguired.  CERT  Ill  need  the  tabutar  cut  UvtU  * n  MU-STO-TIIC  Appendix  B. 
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T.  *?£!!?**?  the  ne*ult*  o$  the  CERT  evaluation  Pxognam  in  ttuu  of  MTBF  value*. 

Tht  HIL-STB-7IIB  MTBf  valuu  *hoim  on  the*  chant  wthe  not  geminated  t*  pant  o {  -£W*  pxagxum.  Tkut 
oAt  Oil  onnginal  MTBF  oa tat*  that  wu  eithen  dtmonetxoltd  on  tht  tinted  xtauXntmtntt  uiti >  (hut 
*******  “*?*  fuxchaied.  Tkut  value*  ail  included  fon  xtfenence  punpott  xecoqnilinq  that  tht 
ief*n*tion  oj  Jtcfu nt  may  have  been  diiSthent  ton  thue  tuu.  Tht  field  MTBF  uatuulnt  tht 
AM  tt-l  data  ton  tht  tame  time  ftane  at  when  tht  CIST  tutt  utnt  conducted  on  that  etuiamt 
tyittn.  Tht  definition  of  failunt  uted  in  CERT  w  the  tame  at  Out  uted  by  AFM  M-t,  £Vt*pnenc 


90%  CONFIDENCE  BANDS  OfJ  TEST-TO-FIELD  MTBF  RATIOS 


Thit  chant  iumaxize*  tht  data  thoun  on  tht  pmvioat  chant  in  te/ui*  of  confidence  band '* 
on  nonmaliztd  MTBF  naiiot,  teat  to  field  value*.  Tun  tnend*  ant  vitibte i  f  J )  all  thnte 
CERT  tent*  haul  a  lumen  teat  to  field  MTBF  natia  than  pnevieutly  u*ed  tenting.  It**  optirniilic 
intimated  MTBF  value*  and  It)  at  tht  tut*  become  none  inoinomuitatly  xealittic  the  confidence 
band*  become  nannoutn.  The  find*  fnom  tlu*  and  a  then  data  g  emanated  dating  tht  CERF  evaluation 
Pnogeam  i*  Humanized  on  the  next  fouh.  chant*. 


CERF  I 
CERT  II 


CERT  III 


.  VA-STO-781B . 


■i 


0.1  0.2 


0.5 


i — r 

TEST  MTBF 
fltUJ  MTBF 


6  10  20 


FINDINGS  FROM  CERT  EVALUATION  PROGRAM 


•  ALL  CERT  FA1LURES-F1EU)  RELEVANT 


•  IMPROVED  CONSISTENCY  OP  ESTIMATED  HELD  FAILURE 
RATE  FROM  TEST  DATA 

•  4  ra  i  wmvtMEur  over  frevious  methods 

The  effectiveneu  of  CERT  tuting  ueu  made  on  (out  diffenent  bt*i*i  connotation  of  failune 
mode*  and  note*  betueen  CERT  and  fetid,  the  co*t  of  dairy  CERT  luting  a*  tamponed  to  cott  o$ 
othtn  tuting  apptoachu  and  on  a  life  cycle  cott  bo*i*. 

Ivttything,  tvtny  pant,  toontn  on  latex  fail*,  *n  the  field  due  to  noxtaU  ox  minute.  Then- 
font,  it  urn*  decided  to  evaluate  mkelhtn  ox  not  tht  CERT  failunt  mode*  ocean  in  *igni{ictnt 
quantity.  The  logic  one  that  failunu  that  occunntd  xtpeatly  went  not  thcet  due  to  mLtutt.  It 
oa*  found  that  all  CIST  induced  failunt  mode*  occux  in  tignnficant  quantity  duning  deployment, 
l.g.,  all  CERT  failunu  utnt  field  xelevanl, 

Tht  CIST  appxaoch  to  tuting  yeild*  none  coniittent  utimlt*  of  field  failunt  note*  in  that 
the  HTtf  valuu  next  tiu el y  xefleet  field  uptnienct.  Additionally,  the  w«  of  tut  houx*  to 
itach  a  i tatiUicaUy  iignificant  decition  point  i*  let*  timet  the  tut  item  fall*  at  a  none 
xealittic,  xapid,  tote. 


FINDINGS  FROM  CERT  EVALUATION  PROGRAM 


•  COMBINED  VERSUS  SINGLE  ENVIRONMENT  TESTING 

•  IDENTIFIES  SIGNIFICANT  FIELD  FAILURES  UNDETECTED  ST  SINGLE 
ENVIRONMENT  TESTING 

•  NEED  FOR  ALTITUDE 

•  JUSTIFY  ON  CASE  ST  CASE  OASIS 

ttl  tilt  equipHnU  used  in  the  CERT  Evaluation  ThogAam  had  pAtviously  and (Ago ne  conventional 
kina It  invito  nment  tit  ting  inning  thein.  initial  acquisition  pAogAau .  Tht  Altults  of  thi*  single. 
tnviAOrmtnt  titling  MS  eamptuitd  to  thi  tut Its  of  the  CERT  titling.  It  talk  found  that  seven  ma/on 
field  (aituAt  modtt  Met  dtttated  by  CERT  u/hick  went  not  delected  by  tingle  envinoment  Utility.  AUo 
(aituAi  nodti  found  dating  tingle  envinonment  titling  that  went  not  iOAAiCttd  mete  alto  identified 
duAlng  CERT  titling. 

Tht  tut  xuuLtt  jound  that  altitude,  anettuAe  voniations,  dating  CERT  ttu  not  necusany  extent 
Eon  systems  uith  obvious  stnsilivitiu  to  pAusune  changui  e.g.,  high  vottagu,  vacuum  t toted 
itcXiont ,  etc.  ThentfoAt,  a  dentition  at  to  the  nted  foa  attitude  change  simulation  need*  to  be  done 
on  a  cue  by  cue  bull. 


FINDINGS  FROM  CERT  EVALUATION  PROGRAM 


•  CERT  COST  EFFECTIVENESS 

•  ON  UFE  CYCLE  BASS 

AVERAGE  RETURN  ON  SNBIMEJIT  24  YEARS 


•  ONE  TEST  M  PUCE  OP  UP  TO  I  TESTS 

.  TEST  CHAMBER  COSTS  CDMRETOTVE  IU3M00IO 

•  TEST  OPERATION  COSTS 


On  a  Cade  Cott  UCCI  batit  jo*  the  equipment*  luted  in  the  CERT  Evaluation  Pnagnam 

it  mu  <Oiu«E  ttotif  CERT  mould  tave  b»in  uac d  duninq  the  oniqmal  acquit*  too  n  of  thue  equipment* 
tht  auttnat  \ttUM  on  im/ts&itiU  mould  have  bttt t  utUh  tuo  to  bou*  yttuu  afte*  deplopftnt.  This 
costira^i*  dom  by  tht  vuq-uml  tqwLfmtiU  mombactwux  mho  tvatuaXid  tht  costs  ob  sum  a.  mono, 
effective  tut  method,  e.g.,  moxe  fatitmu,  doing  failuAt  analyst*,  dt*cgn  change*.  pnoduction 
line  change*,  etc. 


Ucaute  the  environmental  ItAeist*  one  combined,  up  to  tin  sequential  single  emiixonment  test s 
can  be  **p toted  by  one  CERT  tut.  THLa  pneiipitatu  many  potential  east  savings  available  to  a* 
%Juu£*%og£  ojj««,  t-)-.  S'***  *>  pnxchue  femme  e tectnanic  tut  strips.  one 

test  sequencers teod  of  six,  etc.  Tht  cost  of  tut  chambex  and  openatian  one  net  significantly 
diffenent  than  conventional  luting. 


APPLICATIONS  OF  CERT 

•  REU ABILITY  DEMONSTRATION 
.  RELIABILITY  GROWTH 

•  TEST-ANALYZE-FV 

•  ENVIRONMENTAL  QUALIFICATION 

•  RIGHT  /OPERATIONAL  SUPPORT 
.  PRODUCTION  VERIFICATION 


Hfltcxing  upo*  Ott  definition  of  CERT  one  can  set  Now  CERT  it  appnopniate  jo*  all  envihonmentally 
bued  luting.  This  chant  list*  sevual  such  tuU  jo*  w hith  CERT  test  conditions  one  appnopAiate. 


USES  OF  CERT  IN  ACQUISITION  PROCESS 


•  EVALUATE  COMPETITIVE  OESIGN 

•  AIDS  SOURCE  SELECTION  OCC1SNM 

•  head  to  mas  nr  Off'S 

•  VERIFY  CONTRACT  COMPLIANCE 

•  COMPREHENSIVE  GROWTH  TESTING 

•  STIMULATES  GROWTH  UNDER  TOTAL  DEPLOYMENT  STRESS 
ENVIRONMENT 

•  EVALUATE  ECP  PROPOSALS 

•  FLIGHT  TEST  SUPPORT 

•  ENVIRONMENTAL  WORTHINESS 

Thut  ant  (iv t  pctmtiat  blntfit*  o(  a ting  CERT  tut  condition*  in  ecpuiaitio*  inuixonatntetty 
baaed  tutinq.  each  point  Mitt  bt  diacuaatd  in  detail  open  tht  next  (tm  chant*. 


BENEFITS  OF  CERT  IN  ACQUISITION  PROCESS 


>  REALISTIC  REQUIREMENTS 

•  ACCaERATE  ACQUISITION  CYCLE 

•  IMPROVE  PRODUCTIVITY  OF  FUGHT  TESTING 

•  REDUCE  ENVIRONMENTAL /RELIABILITY  TEST  COSTS 

•  IMPROVE  LOGISTIC  SUPPORTABIUTY 

CERT  can/haa  bcui  uatd  to  acconpliah  chut  obiectiuia  Mithin  the  aequiaitian  pnactaa.  The 
bcjie{it<  o{  Aueh  ttatiaq  Mill  be  outlined  in  the  nett  {ua  chnnta . 


REALISTIC  REQUIREMENTS 


•  ENGINEER  TESTS 

•  REDUCE  DUMB  REQUIREMENTS 

•  REDUCE  COST  DRIVERS 

•  MODERATE  STATED  OPERATIONAL  REQUIREMENTS 

•  ASA  FOR  J  INSTEAD  OM  OX  TO  GET  I 

•  EQUIPMENT  STANDARDIZATION 

•  STANDARDIZATION  ON  OESIGN 

•  TAILOR  REQUIREMENTS 

FOR  EXAMPLE:  AN/ARNXYZ  REQUIREMENTS 

J!L  MffiL 

C 120  10SD 

Pis  <25 

0-52  2000 

UN-GO  25 

ft  niqutmnlnta  me  ttoltd  nfjtiatically  then  the  pnoptn  pant  quality  uu Id  be  uatd  nothin 
Chon  ioina  to  Oil  hiohtn  coat  o{  u ting  'lUgh  net*  pant*  Mhtn  not  ntettaany.  itnndan  dilation  ho* 
ion  too  to  na  been  on  ttquineunU  independent  of  application.  Standandiiation  *  Could  bt  an 
pnoduet  dlUyn  iteogatUitj  that  teoit  a{  notability  end  toyiatie  ipaainq  niquininent*  ant  e 
{unction  of  application. 


ACCELERATE  ACQUISITION  CYCLE 


•  ONE  TEST  IN  PUCE  OF  UP  TO  6  TESTS 

•  OKU  CMC  TEST  SIT-UP 

•  HIM*  TEST  ITEMS  NEEDED 

*  ““  MflNTHS  0F  OPERATION  UNDER  OEPtOYMENT 
STRESSES  IN  ONLY  WEEKS  OF  TESTING 

•  CONCURRENT  DEVELOPMENT  AND  PRODUCTION 

•  LEW  THE  INVENTORY  (FLEET! 

-  FIND  PROBLEMS  IK  US  BEFORE  FIELD 


'  TEST  CONFIDENCE  BUILDS  FASTER  »4X 


CERT  e an  rtiiict  program  tcktdult  time  aJUocjUcd  to  tuting  Unci  up  to  Ux  tut*  eon  be 
replaced  by  one  CERT  tut.  CERT  cun  kelp  to  acc denote  accelerated  development  program*  which  lue 
coiwunnent  developed  and  production.  One  equipment  *y*tlM  c an  be  put  under  CERT  tuting  and  within 
one  calendar  month  evaluate  the  lylten  Toe  up  to  13  month*  o{  actual  tuag*.  Thu*  lead  the  invent  ony 
{ jteet)  tuting  mill  idinti(y  problem*  bejone  they  ocean  in  the  (leld  and  p novide  *u((lclent  time 
{on  connective  action*  to  be  developed  bejjone  the  deployed  *y*tem*  *tant  to  {act. 


IMPROVE  PRODUCTIVITY  OF  FLIGHT  TESTING 


•  ELIMINATE  ABORTEO  MISSIONS  CAUSED  BY 
ENVIRONMENTAL  STRESSES 

•  IDENTIFY  ENVIRONMENT  SENSTTNIITES 
BEFORE  FLIGHT  TESTING 

•  USE  SAME  ITEM  FOR  BOTH  CERT  AND  FUGHT  TEST 

•  SWAP  AMONG  UB  ANO  RIGHT  TEST  TO  TRACK  DOWN 
PERFORMANCE  PROBLEM  DURING  RIGHT  TESTING 

•  CERT «  COST  OF  FUGHT  TESTING 

•  <  10X  TO  ONE  RETURN  ON  INVESTMENT 


A  major  contributor  to  unproductive  flight  tuting  i*  unanticipated  (allure*  o(  the  equipment 
unden  tut.  A  *k out  CERT  tut  bejone  {light  tuting  can  AhaNe  down  the  tut  item*  to  remove 
environment  **n*ltlultiu  be j one  they  about  tut  j  light*.  tuning  (Light  tut  an  abnormal  behavion 
may  be  oh*enved  and  the  tut  item  can  be  taken  out  o{  {light  tuting  and  checked  unden  contn.oU.td 
CERT  condition*.  Since  CERT  condition*  one  n  edit  tic,  thene  ant  no  tut  unique  ttri**  ttatu 
<npa*td  on  the  tut  item*.  TF«u,  the  feet  item*  can  be  twepped  between  labonatony  ad  (light  tuting. 
Ma/on  Colt  tailing*  can  bt  ni allied  einee  CERT  tuting  i*  Ugnlileantly  tu*  coittu  than  {tight  tenting 
on  a  pen  tut  hour  bail*. 


REDUCE  ENVIRONMENTAL  /RELIABILITY  TEST 
COSTS 


ONE  TEST  IN  PUCE  OF  SEPARATE 

VIBRATION 

THERMAL 

HUMIDITY 


ALTITUDE 

ELECTRICAL  VARIATIONS 
MUABWTY  DEMONSTRATION 
C0QUN6  AIR  FLOW 


EXAMPLE  OF  POTENTIAL  COST  SAVINGS 
OEUTE  T  SEPARATE  environment  tests 
OELITE  RELIABILITY  DEMONSTRATION  TEST 
REPUCE  WITH  SINGLE  CERT  GROWTH  TEST 


v^vJ 


***•  laving*  realiied  by  the  program  o((ice  idiich  developed  the 

WARN- HI,  CMIOA,  Navigation  By*t». 


i.v*  - 


IMPROVE  LOGISTIC  SUPPORTABILITY 


•  REDUCE  FALSE  REMOVAL  RATE 

•  IDENTIFIES  VOLATILE  MALFUNCTIONS  TRIGGERED  BY  SREC1FIC 
STRESS  COMBINATIONS  I  STATES 

•  26%  OF  BCS  ARE  ENVIRONMENTALLY  INOUCEB 

•*  APPROPRIATE  FOR  REPAIR  PROCESS 

•  IMPROVED  ESTIMATES  OF  Fffl.0  RELIABILITY  FROM  TEST 
DATA 

•  MORE  ACCURATE  LOGISTIC  PLANNING 

•  NUMBER  OF  SPARES 
■  WHAT  TO  SPARE 

•  EVALUATE  EFFECTIVENESS  OF  ELECTRONIC  SUPPORT 
EQUIPMENT 

A  may o/i  caxue  o X  high  togiitici  caiU  i*  the  high  jaite  iemovat  tat l  o j  many  avionic*  tutCem*. 

A  detailed  itudy  oX  the  bench  chicked  tetviceabie  (SCSI  maintenance  action*  Jo uni  that  Fit  oX  BCS 
wete  envitonmenCaity  induced.  Thi*  i*  the  envinonment  onto  mat X unction*  undid  a  tpecijic  *et  oj 
envinonaentat  octette*  and  once  the  *tae**e*  ate  temoved  the  mat junction  go e*  aany.  A  CERT  te*t 
Sty*  the  eyuipaent  in  the  taboJuUo ty  *o  that  injiight  and  ajtet  jtight  maintenance  and  checkout 
ptocedute*  can  be  evatuated  jot  theit  ej jectivene**. 


EMPHASIS  ON  TAILORING 


•  HAVE  TO  8E  AN  INFORMED  AVOCATE 

•  WEAPONS  OF  AVOCACY 

•  HOMEWORK  DONE 

•  PUT  YOURSELF  IN  THEIR  SHOES 

•  KNOW  COST  VERSUS  BENEFITS 


Elective  CERT  te*t  planning  teguite*  the  feet  engineet  Co  coneidet  both  technical  and 
management  jaxLtot*  to  contitucC  the  moot  a, opto ptiate  CERT  test  ptojiie*. 


CHANGING  ACQUISITION  ENVIRONMENT 


TAILORING  OF  REQUIREMENTS 

•  NO  SACRED  COWS 

•  NO  PREORDAINED  COMBINATIONS  OF  ENVIRONMENTS 

•  REFLECTED  IN  MIL-ST0-781C  AND  MIL-ST0-8100 

The  CERT  tenting  apptoach  it  being  t ejected  thnoughout  the  entitt  DoO  envito/wentatty  bated 
Fitting  mititaty  elandand  document*.  Thcte  document*  tuggett  and  give  tationate  jot  tetection  ox  a 
*peciXiC  *et  ot  combination  oj  envinonment*.  The  te*t  ptannte  make*  the  Xinat  detetminxiiion.  CERT 
ptoctaute*  jot  aitcnaXf  intetnatiy  cattied  equipment  and  extetnatty  coddled  it ote*  ate  Te*t  Method* 

S2D  and  525  o  j  MIL-STD-ilOD  teApectiveiy.  Retiabitity  demontttxition  Cut  ptocexEute*  jot  intetnattu 
cattied  etecttonic  tytttm*  ate  included  in  MU-STT-Tlfc. 


» 


WHAT  GUIDES  ARE  AVAILABLE 


•  MIL-STD-785 

•  MIL-STD-781 

•  MIL-STD-810 

•  MlL-STD-1 670 

•  AF  PHAMPIET  800-9 

•  OATA  ITEMS 


These  documents  pnovide  guidance  on  tailoxirug.  Taitontnq  cun  be  done  at  many  dlfftnent  levels 
Mithin  an  acquisition  pnognam,  t.g,t  sete&tion  of  appnopfUate  task*  to  be  accomplished,  dtscgn  ana 
test  condition* ,  handioane  design  sensitivities,  etc. 


DATA  ITEMS 

43* 


.  ENVIRONMENTAL  DEVELOPMENT  PUW  CHOP)  01*7123 

.  ENVIRONMENTAL  PROFILE  REPORT  (EPRI  Ol-R-7124 

.  ENVIRONMENTAL  CRITERIA  I  TESTING  DOCUMENT  (EOCTC)  Dl^  7125 
ENVIRONMENTAL  TEST  REPORT  Dl «  7127 

OPERATIONAL  ENVIRONMENT  VERIFICATION  REPORT  (OEVR)  014-7126 


ENVIRONMENTAL  CRITERIA  REPORT  017  W9 

REl  lABILITY  TEST  PLAN  DI-R-7003 

EK  -RONMENTAL  RELIABILITY  REPORT  OI  R  2116 


rNi4  chant  Lists  the  a ppnopniate  data  items  available  (on  pnopenty  documenting  a  CERT  test. 

The  s  tanned  data  items  should  be  used  \  tgandles*  oi  the  pun  pose  of  the  test  pnognam,  gnoutth,  demons  tnation, 
jCujbt  vJoMIUness,  on  qualification. 


ACTIV  113 

now  that  the  product  is  deployed  we 
need  to  record  Key  data  to  see  if  the 
actual  environment  is  what  we 
originally  assumed  it  to  be  and  to 
determine  how  the  equipment  is 
surviving  in  the  environment. 
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>  CT I V  11,  2.  11,  2d 

nr.  Ken  Norris  is  here  to  explain  how 
the  locjlseics  organisation  can  help  In 
Improving  our  avionics  systems. 


2^22.: 


•  provide  *  no miaul  to  influence  fission  ha adware  DcsfG#*  and  ar a 
support  capability 

a&ti2£jUI. 

•  NAVY  INITIATED  1370 

I  FORMALLY  PjBlIShED  1973 

I 

•  air  force  initiative  i9?b 

•  JOINT  SERVICE/ INDUSTRY  WORKSHOP  1979 

•  wLAiESShlP  ASSlMED  Sf  OSHWIADU  1980 

•  REW'TE  "IL-ST:  13ES-1  (ANALYSIS  REQUIREMENTS) 

•  REVISE  Hll-STO  13o8-2  CLSAR) 


I  US  IDENTIFIED  AS  A  FUNCTION  OF  SYSTEM  ENGINEERING  CHIL-STD  R99A) 

•  HISTORICALLY  MAAAGEJSNT  PARTITIONED  DESK*  AND  SUPPORT  FUNCTIONS 

•  LOGISTICIANS  ASSU’tfl  PASSIVE  ROLE  UNTIL  DESIGN  MAS  KNOWN 

I  RECOGNIZE  THAT  AN  HEN'S  SUPPORT  CHARACTERISTIC  IS  HEAVILY  INFLUENCED 
BY  THE  DESIGN  ACTIVITY 


I  LSA  PROG  RAN  RESTRUCTURED  TO  ESTABLISH  A  ROLE  FOR  THE  LOGISTICIAN  IN  THE 
DESIGN  PROCESS 

•  TASKS  ORIENTED  TOWARD  HIGHLIGHTING  SUPPORT  AS  A  DESIGN  CONSIDERATION 

•  EARLY  EMPHASIS  ON  SUPPORT  PLANNING 


ENGINEERING 

I  assists  IN  (HE  DEVELOPflKT  CF  SUPPORTABLE  SYSTEMS  OR 
EQUIPMENT 

I  CONTROLS  THE  FORM  AND  FUNCTION  OF  THE  SUPPORT  PLANNING 
PROCESS 

PURPOSE 

ESTABLISH  WITHIN  ENGINEERING  THE  TOOLS  AND  TECHNIQUES  FOR  DEVELOPING 
SUPPORTABLE  SYSTEMS  A.ID  EQUIPMENTS. 

t  ENFLL’ENCIHG  DESIGN 

I  SUPPORT  PLANNING 


AVIONIC  INTEGRITY  RPOGRAN  ESTABLISHED  TO  PROVIDE  THE  FRAME  WORK  OF  REQUIRED 
ACTIVITIES  TO  IMPROVE  AVAILABILITY  AT  MINIMUM  LIFE  CYCLE  COST 

I  ESTABLISH  UNITY  OF  PURPOSE  IN  ACHIEVING  OVERALL  PROGRAM  REQUIREMENTS 

LOGISTIC  SUPPORT  ANALYSIS  PROPERLY  applied  TAKES  ON  THE  FORM  of  AN  ENGINEERING 
DISCIPLINE 

I  SUPPLEMENTS  ENGINEERING  REQUIREMENTS 

I  ESTABLISHES  INT£S:£PENOAHCIES  hITh  OTHER  ENGINEERING  DISCIPLINES 


AV1P  -  LSfc  ^LATKJOUP 

LSA 

CVI-CEPl*  riSCIMt 


WIP 

■  vifr»nf.  iwefpfvT  ran. 

0  ‘-v.’PWfWT  RFTI-n^ 
C  LIABILITY 
2  Wl  FACTUM*! 

c  'Sitr'.'  lift 

C 

r  TfTVJT  TMl-PfNT 


c  ‘jj  sntr 
?  CTPWATt*  ANUSIS 
0  SLPPWTA8R.ITY  GKTWlNTS 
c  as  ZSZ 
3  •vrt.'sis/nuffwj* 
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-  IDENTIFY  LOGISTICS  DESIGN 
CONSTRAINTS  &  RISKS 

-  INFLUENCES  THE  DESIGN 
-IDENTIFIES  THE  SUPPORT  NEEDS 
-INTEGRATES  THE  ILS  EFFORT 

-  I  LOGISTICS  SUPPORT  ANALYSIS  VARY  DEPENDING  Oft  DESIGN  ACTIVITY 

I  EAALY  PR06RAH  ACTIVITY  LINTEL  TO  THOSE  TASKS  ASSOCIATES  KITH  IDENTIFYING 
DESIGN  BELATED  SUPPORT  REailKHEKTS 

I  AS  DESIGN  PROGRESS  LOGISTICS  SUPPORT  ANALYSIS  TASKS  ASSOCIATED  NITH  DEVELOPING 
THE  SUPPORT  SYSTEft  COSE  INTO  PLAY 

I  THE  LSA  TASKS  ASSOCIATED  NITH  THE  ADVANCED  TACTICAL  FIGHTER  PROGRAM  ENEHPLIFY 
THE  EARLY  ANALYTICAL  ACTIVITY 

4  THE  SA*  TASKS  hill  ALSO  BE  EVIDENT  IN  THE  ADVANCED  TACTICAL  RADAR  PROG  RAN, 
RAVE  PILLAR,  IC1NIA.  INE.S,  AND  ADVANCED  FIGHTER  ENGINE 


I  ISA  TASKS  HAT  BE  OTRACTUALLY  REQUIRED  OR  ACCOHPUSHED  IN  HOUSE 
i  ATP  PROGRAH  LSA  TASKS  ARE  CONTRACTUALLY  REQUIRED 

I  GENENAL  LSA  DIRECT;*.  INTERFACE  RESUIIBtNTS  ARE  INCLUOED  IN  THE  BASIC  RFP 

i  LOGISTICS  ENGINEERING  SECTION  INCORPORATES  ALL  LOGISTICS  REOUlREItNTS, 

SO*  BIN  REQUIRE.'OrS  INCORPORATED  JN  LSA  SECTION 


GENUAL  TAMS 

•  IASI  STUOT 

•  C0MFA44T1VI  ANALTSIS 

•  nCMftOLOCICAl  OPPORTUNITIES 

•  OlilCTTVIS,  GORLS,  THRESHOLDS,  COHSTNAIHTJ  AND  RISKS 

•  FUNCTIONAL  RISUIRIMINTS  IOIHTIFKUTION 

•  SUPPORT  STSTERF  ALTLRNATTVCS 

•  IVALUATIOH  OF  ALTIRNATIVIS/TRAOI-OFF  ANALYSTS  4  THE  MIR  BODY  OF  THE  ATF  CORTAIRS  GENERAL  STATEKRTS  Oft  THE  GOALS  AND  OBJECTIVES 

Of  THE  LSA  RESU1  RESENTS 

•  PROVIDES  INSIGHT  INTO  THE  INTERDEPCNDANCIES  Of  TASK  REQUIREJtNTS 

•  RELATIONSHIP  Of  LSA  TO  TOTAL  ATF  PROGRAH  OBJECTIVES 


MAIN  MOV 

•  GENKAAl  LSA  DlliCTION 
ANNIN  M  (LOGISTICS  tNGINHNING) 

SECTION  I  -  ISA  TAMING 
■  SICTION  J  »  ARIAS  Of  CONCMN 
SECTION  ]  •  LESSONS  LEARNED 
SECTION  4  -  EMERGING  TICNNOIOCT 


ISA  REQUIREMENTS 


mis  title  sumsts 

201  USE  STUDY  291.2.1  291.2.2  291.2.4 

20)  COMPARATIVE  ANALYSIS  201.2.1  THIN  202.2.0 

204  TICNNOLOdCAL  OPPORTUNITIES  204.2.1  THRU  204.2.2 

201  A  202  FUNCTIONAL  REQUIREMENTS  291.2.1  291.2.2  291.2.2 

IDENTIFICATION  201.2.$  291.2.4  202.2.1  THRU  202.2.4 


{VALUATION  OS  ALTIRNATIVIS/  202.2.1  THRU  292.2.11  (EXCLUDING 


CONTAINED  IN  THE  ANNEX  TO  RH»  WC  THE  SPECIFIC  LSA  TASK  RECUIREWCT  105 
TASKS  SELECTED  Atf  THOSE  tffUCAl HE  TO  CONCEPT  FORMULATION  ACTIVITY 
OBJECTIVE  OF  EACH  TASK  IS: 

I  USE  STUDY  -  REFERENCE  MATERIAL  TAP  DRAFT  SON.  SYSTEM  READINESS  OBJECTIVES. 

AIR  FORCE  2000,  AMD  TAt  MAINTENANCE  CONCEPT 

I  COMPARATIVE  ANALYSIS  -  EXAMINE  OPERATIONAL  FIGHTERS  TO  IDENTIFY  PERFORMANCE 
AND  SUPPORT  CHARACTERISTICS  INCLUDING  HIGH  FAILURE 
ITEMS.  MAINTENANCE  EXPERIENCE.  SKILL  LEVELS.  COST 
DRIVERS.  ETC. 

I  TECHNOLOGICAL  OPPORTUNITIES  -  REVIEW  EXISTING  OR  E&RGING  TECHNOLOGY  FOR 
POTENTIAL  APPLICATION  TO  ATF  SYSTEM 

«  FUNCTIONAL  REQUIREMENTS  •  IDENTIFY  SASIC  SYSTEM  AND  SUPPORT  SYSTEM  FUNCTIONAL 
REQUIREMENTS  (E.6.,  PREFLIGHT,  POSTFLIGHT,  STORAGE 
RECONFIGURATIONS) 

«  EVALUATION  OF  ALTERNATIVES/TRADE  OFF  ANALYSIS  -  EVALUATE  EACH  AIRCRAFT  AND 
SUPPORT  SYSTEM  ALTERNATIVE.  IMPACT  Of  ALTERNATIVE  BASING,  OPERATIONS,  AND 
MAINTENANCE  CONCEPT 

I  DESIGN  OBJECTIVES,  GOALS.  THRESHOLDS,  CONSTRAINTS,  AND  RISKS  •  PREPARE  AN 
OBJECTIVES.  GOALS,  THRESHOLDS.  CONSTRAINTS.  AND  RISK  DOCUMENT.  (IDENTIFY 
KEY  COST,  SCHEDULE.  PERFORMANCE  AND  READINESS  OBJECTIVES  AID  THEIR  IMPACT 
OF  DESIGN  AND  SUPPORT  CONCEPTS 


TRADE  OFF  ANALYSIS 
DESIGN  OBJECTIVES.  COALS. 
THRESHOLDS,  CONSTRAINTS, 


392.2.7) 

20$. 2.1  TMBO  20S.2.4 


AREAS  OF  CONCERN  (SECTION  2) 


SECTION  2  IDENTIFIED  14  AREAS  OF  CONCERN  THAT  DIRECTLY  IMPACTED  LOGISTICS. 
THESE  AREAS  COVERED  A  HIDE  RANGE  OF  AREAS.  (E.6.,  BIT,  BATTLE  DAMAGE  REPAIR, 
STRUCTURAL  MATERIAL,  AND  AUXILIARY  POWER) 

THE  CONTRACTOR  MUST  RESPOND  TO  THESE  ISSUES.  THEIR  RESPONSE  WILL  BE  PART  Of 
THE  PROPOSAL  PACKAGE. 

AREAS  SELECTED  ARE  APPROPRIATE  CONCERNS  DURING  THE  CONCEPT  FORMULATION  PHASE. 


14  SPECIFIC  AREAS  TO  IE  INVESTIGATED 


'  INTEGRATED  DIAGNOSTICS 
AUTOMATED  TECH  ORDER  SYSTEM 


REQUIRES  RESPONSE 


m 


LESSONS  LEARNED  (SECTION  3) 


LESTOAS  llAPffit 


i  ussaw  mm®  arucr®  r w*  the  me  -j.u  im  iw  inputs: 

•  CaffMCTO*  HOT  ffioura  TO  SESP9IS 

•  puMSE »«  to  psovi:e  mfoiwniai  to  the  cshtmctok  on  the  air  force 
PAST  UPEPIESCES  kith  ajacmft 


•  IHFOMIATIVI  DATA 

•  no  itsPONSi  iiaunto 


•  mnUUtNT  UGHTIHG  STSTfM 

•  Illcnicil  STST1M 

•  (MIAGT  HEATING  ETTICTS 


-  ‘  -  -  1  .  -  *  » -  .  .  .  - ■»-  .T  ,*  t  .*  .*  _•  T.  -  .  ..  .  .  \  .  ....  \  .  .  »  « *  .  - 
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(MERGING  TECHNOLOGY  (SECTION  4) 


•  raimi:  encouhage  application  Of  »ov/u*a  technology 

(LAIOtATORY  PROJECTS) 

•  iiumiv 

•  nut  onics 

•  COMPOSITES 

•  OIRICTID  IMIFCT  WEAPONS 

•  AUTOMATED  TICK  ORDER  STST1M 

•  MULTIPLE  INTCCI ATtO  POWER  UNIT 


I  SECTIOR  A  OF  THE  U*J  HAS  TARGETED  TOWARD  CA5IR6  THE  TRANSFER  OF  HEM  TECHNOLOGY 

I  IT  IS  IWORTANT  IR  THAT  TECHNOLOGY  COHSIDERATIOHS  IHCUIOE  HOT  ONLY  THOSE  APPLICABLE 
TO  HARDWARE.  NIT  T«SE  TECHHOLOGT  ADVANCEftRTS  THAT  CAH  BE  APPLIED  TO  THE  SUPPORT 
SYSTEN 


I  USE  CONTRACTOR  FORVT 
I  PROVIDE  INPUT  TO  HEXT  PHASE 

M-S-10S5T  TECHNICAL  OPEIATING  REQUIREMENT 

SUPPOITAIIIITY  ANALYSIS 

OISSSTIA  TECHNICAL  REPORT  SUPPOKTAIILITT  P  ..  - 

ANALYSIS  V'.-'v'! 


« 


HISTORICALLY  LOGISTICIAN  FAILED  TO  USE  ENGINEERING  DATA  FOR  SUPPORT  PLAIN  IRS 


DATA  DEVELOPED  WITHIN  ENGINEERING  PPflCESS  REFLECTS  THE 
CHARACTERISTICS  Of  THE  END  [TEN 


SUPPORT  ABILITY 


THE  LSAR  IS  AH  APPROACH  TO 
lOGISTICIARS 


ITTE5RATHG  THE  DATA  AND 


MRTH6  IT  AVAILABLE  TO 


IVA  DATA 

(TRACEABILITt  -  VISIBILITY) 

PgCG ap 


m  .cc« 


SYSTEM  SPECIFICATION 
SIATEflifl  Of  NEED  _ A 

aiisiajusai jaa 


NIL- STD  7158 

NIL-  STD  1629A 

Hll-H  266 
rcfi-S 

^  B 

HIL-STD  *70 

NIL -STD  1*r72B 

-  D 

SEffl  (DID  3596A) 

__  r 

HIL-STD  III 

—  F 

HIL-STD  *6455 

_ 5 

HIL-STD  X552 

HIL-STD  1367A 

_ ,  H 

flll-STD  1366 

HIL-STD  1367 

^ _ __  J 

ANALYSIS  TRACE  STUDY 
SUPPORT  PLANNING  DATE 


•  RECORD  CONTAINS  BOTH  GOVERNMENT  AND  COITMTCR  DATA 

I  DATA  TRACEABLE  TO  ENGINEERING  STAN  DA®  (EXCEPT  SUPPORT  EQUIPMENT) 

•  PROPERLY  CONSTRUCTED  DATA  BASE  PROVIDES  TRACEABILITY  BETWEEN  OPERATIONAL 
REQUIREMENTS,  Rtf  RESULTS,  AND  SUPPORT  REauiPiKTS 


fmv  Coordinates  within  AflC/tfSt  -  Other  Service's  *  Industry 


\ 


LOGISTICS  SUPPORT  ANALYSIS 


logistics  support  Mutrsis 


DATA 

"A 


SNiTTS  -INPUTS 


Off  RATIONS  AND  MAINTINANC!  IIOUlllMINTS  _ 

"T‘  nut  RIUARIUTT  («)  ANO  NAINTAIHARIL1TT  (N)  CHARACTERISTICS 
-C"  TAU  ANAITSIS  SUMMART 
"0"  MAIKHNANCI  ANO  OftRATOR  TASR  ANAITSIS 
■1"  SUffORT  ANO  TOT  IOUIPIUNT  OR  TRAINING  MATIRIAl  OOCRIf- 
DON  AND  JUSTIFICATION 
f  iaciutt  oisaimoN  and  justwcation 
"G“  SRIU  (VAIUATION  ANO  JIHTWICATION 
~N“  SOfftT  SUffORT  RMUIRHMNIS 

automatic  tutino  IOUIPMIMT/TW  PtOOtAM  lit  DOaiFTIOM 
“r  tkansfovtaiiutt  wwpanme  auuauima 


•  DATA  CONTAINED  IN  THE  LSAR  PROVIDES  THE  KEY  TO  SUPPORT  PLANNING  PROCESS 
I  USED  IN  TRADE  STUDIES 
I  PROVIDES  DATA  TO  PROJECT  OAS  COSTS 


Integrity  Is  the  central  theme  o£  this 
years'  NAECON,  "Operational  Readiness 
through  Electronic  Integri  ty'.  The 
Avionic  Integrity  Program’s  main 
responsibility  Is  to  develop  a  draft 
■NIL-PRIME -STD  which  will  be  reviewed 
at  an  industrial  forum  later  this 
year.  This  MIL-PRIME  will  Oe  applied 
in  the  near  future  to  such  programs 
as  the  Advanced  Tactical  fighter 
(ATF),  various  laboratory  programs, 
and  other  avionics  programs. 


CONCLUSIONS 


•  IMPROVED  AVIONICS  INTEGRITY 

•  APPROACH.  DETERMINISTIC  PHILOSOPHY 

•  DURABILITY 

•  CONTROL:  SERIES  OP  ACTIVITIES 

•  STRESS  ANALYSIS 

•  DESIGN  TO  STRESS 

•  STRESS  SCREENING 

•  PROCESS 

•  METHOD:  DESIGN  CRlTERlMTOOLS 

MASTER  PLAN 
DESIGN  REVIEWS 


AVIP 

OESIGN  CRITERIA 
TECHNICAL  TOOLS 


Avionics  Integrity  Is  necessary  for 
improved  avionics  availability  and 
readiness.  This  integrity  needs  to  be 
obtained  through  a  balance  of 
technical  And  business  tools.  On  the 
technical  side  a  more  deterministic 
approach  is  necessary  and  can  obtained 
through  the  control  of  the  series  of 
activities  we  have  listed  here  and 
through  the  management  methods  as 
outlined  by  the  AVIP.  The  contractual 
strategies  must  thus  be  applied  along 
with  the  technical  requirements.  The 
strategy  implementation  is  the 
responsibility  of  the  ASO  Assistant 
for  Product  Assurance,  Or.  John 
Halpin. 


6E  WINS  BATHE  IN  JET  "WAR"  * 


MR.  GEORGE  H.  WARD  -  GENERAL  MANAGER  OF  MILITARY  ENGINE 
PROJECTS.  EVENOALE.  OHIO 


•WE'VE  NOT  SACRIFICED  DURABILITY  FOR  PERFORMANCE,  WE'VE 
MADE  DURABILITY  AND  RELIABILITY  AND  THE  ABILITY  FOR  THE 
PILOT  TO  MOVE  THE  THROTTLE  NO.  1  AND  WE'VE  TRADED 
PERFORMANCE  AND  EVERYTHING  ELSE  FOR  IT." 


"WE  FELT  THAT  FOR  THERE  TO  BE  THE  BASIS  FOR  COMPETITION, 
IT  HAD  TO  RESOLVE  AROUND  DURABILITY." 


The  Engine  Structural  Integrity 
Program  has  achieved  success  and 
influences  engine  acquisition  at  ASD 
as  the  recent  GE  contract  In  the 
alternate  engine  program  attests.  The 
Avionics  Integrity  Program  Is  to 
follow  in  this  tradition. 


DAYTON  DAILY  NEWS,  SUNOAY,  4  MAR  84 


